( 
‘ 
4 i 
i 
\ 
Hl 
| 
\ 
} 
c ] 
, 
ais 
f a 
j 
,, 
! } 
q ) 
{ 
' 
1 ‘ 
| 
1 
{ 
| | 
4 
) 
| 
§ 
| ‘ 
‘ 
{ 
| 
tee) 
ty 
, 
1 
| 
| \ 
i 
| 
{ 
| 
| 
| 
ee 
\ 
f 
‘ 
VR. 
| 
f 
\ 
4 
{ 
f 
| 
} 
] 
{ 
feaeuin 
| 
i. 
ay 
¥ 
Nagel 
fee 
eT 
| 


Micros 


/ 
/ 


001 


Order Number: 230843- 


mponents 


Volume I 


stem Co 
book 


and 


bd 


. 
4 


eevoeme 2 ess BIER | 9 tela a te faut be Ste es Oar Te, Et 
ane re < 


. 
e 
+ 


LITERATURE 


In addition to the product line Handbooks listed below, the INTEL PRODUCT GUIDE (no charge, Or 
No. 210846) provides an overview of Intel’s complete product line and customer services. “Tew 
Consult the INTEL LITERATURE GUIDE fora complete listing of Intel literature. TO ORDER lit 

in the United States, write or call the Intel Literature Department, 3065 Bowers Avenue, Santa Cla 
95051, (800) 538-1876, or (800) 672-1833 (California only). TO ORDER literature from inter 
locations, contact the nearest Intel sales office or distributor (see listings in the back of most an 


literature). 
a 1984 HANDBOOKS U.S. P 
7 " Memory Components Handbook (Order No. 210830) $15. 
ae Contains all application notes, article reprints, data sheets, and other design information . 


on RAMs, DRAMs, EPROMs, E2PROMs, Bubble Memories. 


Telecommunication Products Handbook (Order No. 230730) 
Contains all application notes, article reprints, and data sheets for telecommunication 
products. 


Microcontroller Handbook (Order No. 210918) 15.0 
Contains allapplication notes, article reprints, data sheets, and design information for the 
MCS-48, MCS-S5I and MCS-96 families. 


: Microsystem Components Handbook (Order No. 230843) 20. 

ae Contains application notes, article reprints, data sheets, technical papers for micropro- = 
cessors and peripherals. (2 Volumes) (Individual User Manuals are also available on the 
8085, 8086, 8088. 186, 286, etc. Consult the Literature Guide for prices and order 
numbers. ) 


Military Handbook (Order No. 210461) 
Contains complete data sheets for all military products. Information on Leadless Chip 
Carriers and on Quality Assurance is also included. 


Development Systems Handbook (Order No. 210940) iT 0 
Contains data sheets on development systems and software, support options, and design 
kits. : 


OEM Systems Handbook (Order No. 210941) 
Contains all data sheets, application notes, and article reprints for OEM boards and 
systems. 


Software Handbook (Order No. 230786) 10. of 
Contains all data sheets, applications notes, and article reprints available directly oy 
from Intel, as well as 3rd Party software. 


* Prices are for the U.S. only. 


nA APPLICATION FOR FREE SUBSCRIPTION TO 
~ SOLUTIONS MAGAZINE 


Solutions isa bimonthly customer magazine covering all of Intel’s new product announce- 
ments and offering useful application information. If you wish to receive SOLUTIONS 
regularly, please fill in the requested information and mail it back to: 


Intel Literature Department 
3065 Bowers Avenue See reverse side for European return addresses. 
Santa Clara, CA 95051 | 


There is no charge—just your continued interest in Intel products. 


1. Your principal responsibility (please check one box only). 


AA J) General Management : AG 0 Marketing or Sales 
BB () Engineering Management AH OC Purchasing/Buyer 
AC ( Hardware Design Engineer AJ OU Educator 

AD U Software Design Engineer AK © Computer Hobbyist 
AE JU) Technician AL OC Data Processing 
AF © Manufacturing, Reliability or QA AM UC Other 


2. Your company’s principal business or industry (please check one box only). 


Sales office or distributor 
Other 


Cut Here 


AN 0 ares aa of computers or peripheral equipment 
AP O Manufacturer of control equipment 
AQ OU Manufacturer of test/measurement equipment or instruments 
AR (© Manufacturer of communication/telecommunication equipment 
AS (© Manufacturer of office/business equipment 
AT U) System integration 
AU OC User of computer equipment 
AV Research lab/consultant 
AW () Software house 
AX OC Government/military agency 
O 
(3 


; 3. Your company’s/division’s products fall primarily into: 
BB OC Industrial BC © Military BD © Consumer 


4. Do you own or use an Intel microcomputer development system or design aid? 
BE 1 Yes BF ({) No 


5. Are products that are purchased to your specifications incorporated into products to be sold or are they 
used in-house? 
BG OU Incorporated into products to be sold BJ 0 Both 
BH UC Used in-house : 


6. Who do you usually buy from? 
BK OC) Distributor BL © Manufacturer 


7. | am interested in the following product areas: 
70 0 Microcomputer Components 73. © Memory Boards and Systems 
71 C] Microcomputer Boards and Systems | = 74 O) Military Products 
72 © Memory Components 75 [] Telecommunications Products 


Name 

Title 

Company 

Address 

City/State/Zip (Country) . 


Phone 
_ CORP 168C 


» 


“F 


Fora free subscription to the European edition oe SOLU TIONS — oe 
please mail this card to one of the Regional Offices listed below: 


‘Intel Corporation (UK) Ltd 
Pipers Way | 

- Swindon, SN3 1RJ- 

- Wiltshire, England 


Intel Corporation S. AR. L. 
' 5 Place de la Balance - 
Sieger 

— 94528 Suna Cedex 
France: 


Intel Corporation Italia sek 
- Milanofiori, Palazzo Ea. 
20094 Assago (Milano) 
aly. 208. 


eer Semiconductor GmbH — 
Seidistrasse 27 

D-8000 Munchen a 

West Germany. 


“Intel Sweden AB 
Box 20092 
Archimedesvagen oe 
~ §-16120 Bromma 
Sweden 


; 7 a 


= | a 5 o. 
O o- 
E 
+ 
é 
3 
ro 
* 
19 


. 
! 


COMPONENTS 


a 


- Intel Corporation makes no warranty for the use of its products and assumes no responsibility for any errors which h may 
this document nor does it make a commitment to update the information contained herein. ay 


ee Intel retains the right to make changes to these specifications at any ae without notice. 


\ 


- Contact your local sales office to obtain the latest specifications before placing your nse | Se 
The following are trademarks of Intel Corporation and may only be used to identify Intel Products: 


BITBUS, COMMputer, CREDIT, Data Pipeline, GENIUS, i, 7, ICE, iCS, iDBP, 

iDIS, I7ICE, iLBX, im, IMMX, Insite, Intel, intel, intelBOS, Intelevision, inteligent: 
Identifier, intgligent Programming, Intellec, Intellink, iOSP, iPDS, iSBC, iSBX, 
_iSDM, iSXM, Library Manager, MCS, Megachassis, MICROMAINFRAME, MUL- _ 
TIBUS, MULTICHANNEL, MULTIMODULE, Plug-A-Bubble, PROMPT, 
Promware, QUEST, QUEX, Ripplemode, RMX/80, RUPI, Seamless, SOLO, — 
SYSTEM 2000, and UPI, and the combination of ICE, iCS, iRMX, Pee MCS, or : 
UPI and a numerical suffix. 


Intel Corporation 

_ Literature Department | 
3065 Bowers Avenue 
Santa Clara, CA 95051 


eT ae 
| ee 


= <ene oe 7 | Table of Contents 


CHAPTER 1 
OVERVIEW 
Re Es ts. x's 5 eae Ba ok BHR 00 CORPS TEMES Cad Dele bane 


_ CHAPTER 2 
MCS®-80/85 MICROPROCESSORS 
DATA SHEETS : 
8080A/8080A-1/8080A02, 8-Bit N-Channel Microprocessor ......... 


8085AH/8085 AH-2/8085AH-1 8-Bit HMOS Microprocessors ........ 
8085A/8085A-2 Single Chip 8-Bit N-Channel Microprocessors ...... 


8155H/8156H/8155H-2/8156H-2, 2048-Bit Static HMOS RAM 


WATT TES. POMS ANG THEE sooo a ne er eews Coben's ORL See 


8155/8156/8155-2/8156-2, 2048-Bit Static MOS RAM with I/O Ports and Timer ........ 


8185/8185-2, 1024 x 8-Bit Static RAM for MCS-85 .............608.. 
8205 High Speed 1 Out of 8 Binary Decoder ................0. eee 
8212 :6-Bit wou Outnut POs paw ccc ees cried A evap meee 
8216/8226, 4-Bit Parallel Bidirectional Bus Driver .................. 


eoeeoeveeeveeee eee ee 


8218/8219 Bipolar Microcomputer Bus Controllers for MCS-80 and MCS-85 Family ... 


8224 Clock Generator and Driver for 8080A CPU ...............45. 
8228/8238 System Controller and Bus Driver for 8080A CPU ........ 


eeeeoeevoeveeeee ee ee @ 


8237A/8237A-4/8237A-5 High Performance Programmable DMA Controller .......... 


8257/8257-5 Programmable DMA Controller ..............ee eee eees 
8259A/8259A-2/8259A-8 Programmable Interrupt Controller ........ 
8355/8355-2, 16,384-Bit ROM with 1/0 2.1... ccc ween cece eves. 
8755A/8755A-2, 16,384-Bit EPROM with I/O ......... cee eee eee eee 


CHAPTER 3 
iAPX 86, 88, 186, 188 MICROPROCESSORS 
APPLICATION NOTES 


AP-113 Getting Started with the Numeric Data Processor ........... 
AP-122 Hard Disk Controller Design Using the Intel 8089 ........... 
AP-123 Graphic CRT Design Using the iAPX 86/11 ................. 


AP-143 Using the iAPX 86/20 Numeric Data Processor 


inca: Small: Business Computer | oso. bec 65.0 Gs cet Pests ee es 


AP-144 Three Dimensional Graphics Application of the 


iAPX 86/20 Numeric Data Processor ...............00ceeeee 
AP-186 Introduction tothe GOISG: 7. oh Ns keene rece d center sls 


DATA SHEETS 


iAPX 86/10 16-Bit HMOS Microprocessor <5 ....0-. 5 0.e.se eves ou doce sei otiw.ad ecbltie eas 
iAPX 186 High Integration 16-Bit Microprocessor ........... cece cece eee eee i eae. 
IAP Gay 10 O-8it HMOs: MICIODIOCOSSOR i). 5a <4 5k soa erent oe 0s 8s oaa cu en ache 
iAPX 188 High Integration 8-Bit Microprocessor .......... ccc cece ccc e eee encteeeees 
Bee ei 1Osett FIMO 1/0 BYOCOSEON 2 Bons etc Pes he Go ida nd ek pam sO ON eke deo ete 
mua? MmuUmenc Data COpreceeeet oi Sakae 2 eat eblns ok od non hee we 


80130/80130-2 iAPX 86/30, 88/30, 186/30, 188/30 iIRMX 86 


Ooerating: systeny ProGessore cae na cas kos va cas os cela ee aes ae : 


80150/80150-2 iAPX 86/50, 88/50, 186/50, 188/50 CP/M*-86 


operating System: Processors: cote s ede cn bb kes teavue dew cus ey Peer ss © 
aPC MICTMIACANGIT Sn po o5-5) FON Be eT dine ooo ted 8 ESE oat bed ie iba MOS 


eoseeeeeeveeevre ee eevee 


eeeceeoevevee ee ee ees 


eoeeeevereveee ee eee ee 


8284A/8284A-1 Clock Generator and Driver for iAPX 86, 88 Processors .............. 


SZen/oeor Dctal Bus TransCeivets aces 2250 ws onde Vee ova on er keke 


CHAPTER 4 
iAPX 286 MICROPROCESSORS 
DATA SHEETS 
iAPX 286/10 High Performance Microprocessor 


with Memory Management and Protection ...............eeeee 
80287 80-Bit HMOS Numeric Processor Extension ................. 


82284 Clock Generator and Ready Interface for iAPX 286 Processors 


82288 Bus Controller for iAPX 286 Processors .............000 eee 


“CP/M-86 is a Trademark of Digital Research, Inc. 


oee eer eee eee ee eee 


oeereee eee eevee eee 


oeoeeoereoevere ee ee eee 


~ FLOPPY DISK CONTROLLERS 
APPLICATION NOTES 
AP-116 An Intelligent Data Base System Using the 8272 .......... ci cc cece cee ee eee 6-421 


AP-121 Software Design and Implementation of Floppy Disk Bo atelie Me rere ares bs 6-455 
DATA SHEETS 
8271/8271-6 Programmable Floppy Disk Controller .............0ceeeeeees sa ast aed 6-524 
8272A Single/Double Density Floppy Disk Controller o Sele ga aed use 55 Salecab te eee 6-553 
HARD DISK CONTROLLERS 
DATA SHEETS 
S206? yyinchester Disk Controller. :< «as. 4:s0ia.0 + whjseasg.epi:3' €o3th Rae do OE Reels 6-572 


Ten) a Oe, Ae ees ee SOE a. Se ee ee on Fe Se Se ee ee 
} 
CHAPTER 5 
iAPX 432 MICROMAINFRAME™ 
DATA SHEETS es ts | 
iAPX 43201/43202 Fault Tolerant General Data Processor ..............0. cee eeeeeeee 5-1 
iAPX 43203 Fault Tolerant Interface Processor .......... 0 cece cece cc eee eee e eens 5-53 
iAPX 43204/43205 Fault Tolerant Bus Interface and Memory Control Units ........... 5-85 
CHAPTER 6 : 
MEMORY CONTROLLERS | ‘ 
APPLICATION NOTES . 
AP-97A Interfacing Dynamic RAM to iAPX 86/88 Using the 8202A & 8203 ......... eee eel 
AP=141-8203/8206/2164A Memory Design’... oo Siew oa pw tag Sept ieee 6-37 
AP-167 Interfacing the 8207 Dynamic RAM Controller to the iAPX 186 ............. ‘.. ~=66-43 
AP-168 Interfacing the 8207 Advanced Dynamic RAM Controller to the iAPX 286 ..... 6-48 
ARTICLE REPRINTS S 
AR-231 Dynamic RAM ontrolier Orchestrates Memory Systems ............. Saree 6-55 
TECHNICAL PAPERS Mees 
Syste Oriented RAM COMLOoter 2 ae Bat oe ea nee . 6-62 
NIVIOS DRAM COMONOE 35 isis sree Ce Co Te Re Pa) Cale tee aa 6-73 
DATA SHEETS | 
8202A Dynamic RAM -GontroHer* soe Sle ce ohn b ee aA ae beh ye ee ete eee 6-77 
8203 64K Dynamic: FAM Controller 20.03 oo er os SS ae a oe eG 6-91 — 
82C03 CMOS 64k. Dynamic RAM Controller. «5 és. oo. ow in ses tae ss oan eee Roane 6-106 
8206/8206-2, Error Detection and Corréction Unit... 2... a's. bans cede sess he lees eae 6-119 
Seu? Advance Dynamic RAM:Controller .. s0at oor he ole has een See ne Os152 es 
Saws DYNAMIC TIA COMITONGE Bo. Seta iyk ase bbl cks en ae eeen wee Stes ser case 6-199 
USERS MANUAL . 
HFOOOGIONP OS Bea Sie oe wae a eke RNS fied Sw Wee BARS ple eke an ae eee 6-218 
Programming ie S207: i oa Oi as 3 v5 Wa reg els Rekicie et eeiae eee aeee ee 6-219 
PEP es dak > vie d'n gate ho. glo v kasd EP OR ee eee Whe ite SARE a set ace So 6-224 
Microprocessor interfaces! iin ye es See ve ee ee he Ph one ae eres paket edie 6-233 
8207 with ECOH8206) 3 oo rs es ees ae ee aoa Gd Babe ab ecg ace dard oc Rae and ena a 6-241 
ADDONGIK SE iL a eh es Ee A ES kee 6-244 
— VOLUME 2 — 
SUPPORT PERIPHERALS 
APPLICATION NOTES eee 
AP-1ESDeSIOnING With MOB Z00- os. 55 ecacre nis, kd oh be olin oa ET rele ce ah eee 6-248 
DATA SHEETS _ | 
S2STA ANMIMeuic: ProcessHig UH - ns’. ser5- 5 be 5 bss ojos o.b ene a balihh a sie oa ile Rr ewe 6-321 
8253/8253-5:Prodrammable lterval-T ime, casas eco 2i discs o's « ae Caan 6 ae Sa or dal Cane Mokav we ee 6-331 
8254 Programmable. nierval Fels. 6 bc cials Te vaio sain ne bled ohio ce cela, dae angie. sok ee ales 6-342 
. 8255A/8255A-5 Programmable Peripheral Interface .............. ccc cee cece ee eee 6-358 — 
8256AH Multifunctional Universal Asynchronous Receiver Transmitter (MUART) ..... 6-379 
8279/8279-5 Programmable Keyboard/Display Interface ............ ccc cece eee eee 6-402 
82285 Clock Generator and Ready Interface for |/O Coprocessors ..........2..00005 6-414 


UPI USERS MANUAL | 
ETE OGMIGUION. bv cia’: 5 sy eS cs De Bitee ace «0 dp RaREE RE MCEA eae ates eames wis Ea iis Wed PAs ane OPUS 
FURCHONAlDEECHOUON | 60%... 2 eons ss cata Rae ee see's oR pee N RIES Lig’ ghee kd tr ee een 3 6-602 
PURRDN RIOTS NE ooo sig ong Sed vecauaOees 4.00% ang Me Reaaey ae o argh EL Pe Re Rie b OER bce 6-619 
Single-Step, Programming, and Power-Down Modes .............0ccseee cence aaees 6-646 — 
VSO OPCAUON | i. eiicig xia Sgeratragis vin pcaspamn eae ae Radu e aces wien eh plo iain Bee 6-651 
PODHIORUONS © ook coi gs die Oo 5 vaca e+ gees DIRS Roepe etic. 4 OEE es 6-657 

DATA SHEETS . 3 
8041 A/8641A/8741A Universal Peripheral Interface 8-Bit Microcomputer ............. 6-777 
8042/8742 Universal Peripheral Interface 8-Bit sed ae Pst ces WeRes a hets ce we 6-789 
8243 MCS-48 Input/Output Expander ............... SERA ON ah ee ks dat ere a ee oe 6-803 

“ Saeo DOL Matrix Printer COGIrOnOr oie is o0-+ 0's no ste poaivo WAR OSs eguk 9 0 satneie mikes hr mre 6-809 

SYSTEM SUPPORT Nes 
Mae a2 BUA? THC CUit TION ons cic a wise os 3. onis & ode FS pints bnle's ko 'o SpA genes aes . 6-818 
MCS-48 Diskette-Based Software Support Package ............. edi cle webs Gb apse tease ahh 6-826 
iUP-200/iUP-201 Universal PROM Programmers .............. Ne aah ste artarks een es 6-828 

CHAPTER 7 
DATA COMMUNICATIONS 

INTRODUCTION 

Intel Data Communications Family Overview ........... cee ccc cece eee e eee Pe ee (e 
GLOBAL COMMUNICATIONS 


APPLICATION NOTES 
AP-16 Using the 8251 Universal Synchronous/Asynchronous Receiver/Transmitter .... 7-3 


AP-36 Using the 8273 SDLC/HDLC Protocol Controller ............. 0... cece eee eee 7-33 
- AP-134 Asynchronous Communications with the 8274 Multiple Protocol 
eI GaOIHTOUOIS sts pin 9 as we eo aoe dake Ras Se CREE O) 0 he Cai ages Ree eee 7-79 
AP-145 Synchronous Communications with the 8274 Multiple Protocol 
OTA CONU OHO: = Ss yu 5d os ee bse ha SUN be ed Ba Cen p alhe Sk a ao b ee VCDs swe EN eae © 7-116 
DATA SHEETS 
8251A Programmable Communication Interface ......... 0... cee eee eee see: sae 7-155 
8273/8273-4 Programmable HDLC/SDLC Protocol Controller .....................4. 7-172 
8274 Multi-Protocol Serial Controller (MPSC) ........... cc cece cece cece cet e ec eeeee 7-200 


82530/8253-6 Serial Communications Controller (SCC) ............ cece eee eee eee 7-237 
. LOCAL AREA NETWORKS 
ARTICLE REPRINTS 


AR-186 LAN Proposed for Work LRG irs gp oa gre ev Re Peace ack oa. Bk ee LENS 7-266 

AR-237 System Level Functions Enhance Controller ........... 0... cc cee ee cee eee 7-272 
DATA SHEETS 

BZOOEEINGMOt COLA Iter hACe 5se5c sea Seine sce cu peek bo ed ica bv Raa wo 8 Chee ew a Og as 7-276 

Beouec tocal Area Network: CODIOCeSSOl 4 is iii c vo ein baie R ae ee ie oe dead vow os puso aw os 7-287 


OTHER DATA COMMUNICATIONS 
~ APPLICATION NOTES 


Ahr G6- Using the 8292:GPIB: Conroe. i is ok Saw te Se hoa wa Sees os Seep 7-322 
AP-166 Using the 8291A GPIB Talker/Listener ..................000- Eee Pere 7-375 
ARTICLE REPRINTS 
AR-208 LSI Transceiver Chips Complete GPIB Interface ................. PDO Se Oe re 7-407 
AR-113 LSI Chips Ease Standard 488 Bus Interfacing ............ eee eee eee eee 7-414 
TUTORIAL 
ee ICY DUGI TE TIO ig eevee a coc stake atte ERAS 8 8-Fa- okie Oia 04's 4a, ea oe ep a oer 7-424: 
DATA SHEETS : 
et MARTE) PELMOTELISTOTION oe 5c Spl d Oa wee ph Awe ate Lot die aoa whe Papeete paleo 6 7-425 
; Bee SSE Pee aOT Cnt sh oo Fao aes ee ee ee he N 6 A ORE ORG bo hak PORT Eas 7-454 
: Beas LAP ae ROR cen cao ae cat Pe OER OK oe vee ek Oe KE Pe ee bee 7-469 


“ALPHANUMERIC TERMINAL CONTROLLERS. 
APPLICATION NOTES Peres : a8 hi 

AP-62 A Low Cost CRT Terminal Using the A aie np eee - pet 
~ ARTICLE REPRINTS ree , 
_ AR-178 A Low Cost CRT Terminal Does More with Less . fee UES 

DATA SHEETS. oh ze 

8275 Programmable CRT Controller . EERE OW pe Peg 
8276 Small System CRT Controller Bere tue atti te Sere ae a | 


4 


"GRAPHICS DISPLAY PRODUCTS —y jf Vite) Sale Age . | 
fi ARTICLE REPRINTS . | | ahs | coh Oy ae eae 
~ AR-255 Dedicated VLSI Chip Lightens Graphic Display Dedigh | Gad tyes & oe “ 
~AR-298 Graphics Chip Makes Low Cost High Resoaree Sea Displays Poss ee ea 
~DATA SHEETS | ! NE, 
-£. 382720: Graphics Display Controller SARS ai ee Be ee 
TEXT PROCESSING PRODUCTS —s_—© ae 
ARTICLE REPRINTS: ' | i 
| _AR-305 Text Coprocessor Brings Quality No CRT Displays . Peete een ee, ‘a Fir 
_ AR-296 Mighty Chips _ ena ban rarer mene it ae a Mee ig rs eae 
_ AR-297 VLSI Coprocessor Delivers High Quality Gane wee eenenenes ae 5 
DATA: SHEETS: io 5° ‘ es ea IS Bere aie 
3 82730 Text Coprocessor . geen sts sia%t-t a «ang CO rete 
82731 Vides Interface Controller SNORE MA ete 


1s 


et Pe 
Tay Vet” , 
4 te?) 


f ‘ % 


v ea 


“PACKAGING go Ia Meo ein oe oy 


a 
~ -" 
(heen 

: ‘ Py! 

1 Mons 


os 


—, 


~ oun 
» 4 


~ Overview 


INTRODUCTION 


Intel microprocessors and peripherals provide a complete 
solution in increasingly complex application environ- 
ments. Quite often, a single peripheral device will replace 
anywhere from 20 to 100 TTL devices (and the associated 
design time that goes with them). 


Built-in functions and a standard Intel microprocessor/ 
peripheral interface deliver very real time and perfor- 
mance advantages to the designer of microprocessor- 
based systems. 


REDUCED TIME TO MARKET 


When you can purchase an off-the-shelf solution that 
replaces a number of discrete devices, you're also re- 
placing all the design, testing, and debug time that goes 
with them. 


INCREASED RELIABILITY 


_ At Intel, the rate of failure for devices is carefully tracked. 
Reliability is a tangible goal, and today we’re measuring 
field failures in terms of parts per million! That translates 

to higher reliability for your product, reduced downtime, 
and reduced repair costs. And as more and more func- 
tions are integrated ona single VLSI device, the resulting 
system requires less power, produces less heat, and 

| requires fewer mechanical connections—again resulting 
in greater system reliability. 


LOWER PRODUCT COST 


By minimizing design time, increasing reliability, and 


replacing numerous parts, microprocessor and peripheral 
solutions can contribute dramatically to a lower product 
cost. 


HIGHER SYSTEM PERFORMANCE 


Intel microprocessors and peripherals provide the highest 


system performance for the demands of today’s (and 7 


tommorrow’s) microprocessor-based applications. For 
example, the iAPX 286 CPU, with its on-chip memory 
management and protection, offers the highest perfor- 
mance for multitasking, multiuser systems. 


HOW TO USE THE GUIDE 


The following application guide illustrates the range of 
microprocessors and peripherals that can be used for the 
applications in the vertical column on the left. The peri- 
pherals are grouped by the I/O function they control: 
CRT, datacommunication, universal (user programma- 
ble), mass storage, dynamic RAM’s, and CPU/bus 
support. 


An“X” ina horizontal application row indicates a poten- 
tial peripheral or CPU, depending upon the features 
desired. For example, a conversational terminal could 
use either of the three display controllers, depending 
upon features like the number of characters per row or 
font capability. A “Y” indicates a likely candidate, for 
example, the 8272A Floppy Disk Controller in a small 
business computer. 


The Intel microprocessor and peripherals family provides 
a broad range of time-saving, high performance solutions. 
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8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


= TTL Drive Capability % a6 -Bit Stack Poliiter and Stack: . 
bs as _ 9: : anipulation Instructions for Rapi 
<5 pick: 9 us) 64-9. y8) Inpieuction Switching of the Program Environment 
| ; : =» Decimal, Binary, and Double Precision 
a een Problem Solving Instruction Arithmetic 
= 6 General Purpose Registers and an ” Betas . Provide Priority Vectored 
seenpoael | recy ter aa 
= 16-Bit Program Counter for Directly . Hees fp aa one 
Addressing up to 64K Bytes of a Available in EXPRESS 
Memory | - Standard Temperature Range 


_ The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. | 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and 1/O. Signals to control the interface to memory and 1/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
- the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


NOTE: 
_ The 8080A is functionally and electrically compatible with the Intel® 8080. 
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Figure 1. Block Diagram ay Figure 2. Pin Configuration 
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Table 1. Pin Description 


ee Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the VO 


device number for up to 256 input and 256 output devices. Ag is the least significant address bit. 
eee 


an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate for as long as . 


READY 
the READY line is low. READY can also be used to single step the CPU. 


WAIT pacer Wait: The WAIT signal acknowledges that the CPU is in a WAIT state. 


WR Write: The WR signal is used for memory WRITE or I/O output eontrol The data on the data bus is stable 
while the WR signal is active low (WR = 0). 
; a 
. c 


Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 
8080A outputs a status word on the data bus that describes the current machine cycle. Do is the least 
significant bit. 


Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 


Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O. 


Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending | 


Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 

device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of 

these busses for the current machine cycle. It:is recognized under the following conditions: %- 

e the CPU is in the HALT state. 

e the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 
the CPU ADDRESS BUS (A45-Ap) and DATA BUS (D7-Dg) will be in their high impedance state. The CPU 

acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin. 


Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data 
and address bus will go to the high impedance state. The HLDA signal begins at: 
e T3 for READ memory or input. 

e The Clock Period following T3 for WRITE memory or OUTPUT operation. 

In either case, the HLDA signal appears after the rising edge of do. 


Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction 
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal. 


Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is pases it will 
not honor the request. 


Reset: While the RESETsignal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the 
flags, accumulator, stack pointer, and registers are not cleared. 


Ground: Reference. ; ; 
= ae 
Power: +5 +5% Volts. 


erwes Clock Phases: 2 externally supplied clock phases. (non TTL compatible) : 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 


<2 ° ; 1°] 
er eras a Ga ee ee 3 @ = eS. device. This is a stress rating only and functional opera- 
Storage Temperature ............. “65 Cto+150C tion of the device at these or any other conditions above 
All Input or Output Voltages those indicated in the operational sections of this 
With Respect to Vgg .....-.---- -0.3V to +20V specification is not implied. Exposure to absolute maxi- 
Vcc, Vpp and Vss With Respect to Vgg = -0.3V to +20V mum rating conditions for extended periods may affect — 
TE SIAGIOBT ON 655 toni Back + 207d ase eh ees 1.5W device reliability. 


D.C. RUAROCTERISIGH (Ta = 0°C to 70°C, Vpp = +12V +5%, 
Voc = +5V +5%, Veg = —5V +5%, Vss =O0V; unless otherwise noted) 


“tt Input Low Voltage | Vgs—1 | Vggt+0.8; V 
Input High Voltage . 
_—— Output Low Voltage Eee 0.45 V ou = = 1.9mA on all outputs, 
peration 


7 iy | onion | a [4 | ma 


3 Clock Leakage ba Vss < Vetock S Vop 


Data Bus Leakage in Input Mode Vsg SVin SVss + 0.8V 
Vss +0.8V <Vin SVec 


Address and Data Bus Leakage 


+10 A VADDR/DATA = Vcc 
During HOLD 


mM 
-100 VADDR/DATA = Vss + 0.45V 


CAPACITANCE (Ty, = 25°C, Vcc = Vop =Vss = OV, Ves = - ~8V) 


[ey | Gok Capaciance [17 | 25 | wf | G=1WHe 
Fee [ss apctnes 7} 6 | 10] ot | ed Pon 
Court Output Capacitance | 10 | 20 | pf | Returned to Vss_ 
NOTES: 


1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. Al supply / AT, = -0.45%/°C. 


K- 
2 
Ww 
ac 
cx 
= 
1S) 
> 
= 
a 
a 
= 
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+25 +50 


AMBIENT TEMPERATURE (°C) 


Typical Supply Current a 
' , Temperature, Normalized? 
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A.C. CHARACTERISTICS (8080A) (tT, = 0°C to 70°C, Vpp = +12V +5%, Voc = +5V +5%, 


Vep =—5V +5%, Vsg =OV; unless otherwise noted) 


| Symbo! 
tcyl3]_| Clock Period 
Clock Rise and Fall Time 


Test Condition 


21 Pulse Width 
@o Pulse Width 


Delay 21 to 2 


Delay 29 to 24 


Data Setup Time During 2; and DBIN 


toD 
toc 


oS 


oO 
w ~ 
> 


nsec C, =50 pF 


READY Setup Time During 29. 


HOLD Setup Time to 25 140 


js 


Mart 
nh 
oO 


3 
= 


Ci = 100 pF: Address, Data 
C, = 50 pF: WR,HLDA,DBIN 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 


24 AFN-00735C 


DATA ouT ie 


in measurements are made at the following reference viliagen: CLOCK "1" = 8. OV, 
INPUTS "1" = 3. 3y, "0" = 0. BV; OUTPUTS ” "1" = 2.0V, "0" = 0.8V. — 
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DBIN 


READY 


WAIT 


{ HOLD 


HLDA 


INT 


INTE 


; WAVEFORMS (Continued) 


( menial twe 


\ 


NOTES: (Parenthesis gives -1, -2 specifications, respectively) 


iP 


Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. 
tpH = 50 ns or tpr, whichever is less. 


2. tcy = to3 + trea +tga + ttga + to2 + trg1 = 480 ns ( — 1:320 


Onpr 


oon 


10. 


11. 


12. 


13. 


2-6 


ns, — 2:380 ns). 


’ 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 


A OUTPUT DELAY (ns) 


4 CAPACITANCE (pf) 
(Cactuar ~ Cspec) 


. The following are relevant when interfacing the 8080A to 


devices having Vip = 3.3V: 


a) Maximum output rise time from .8V to 3.3V = 100ns@C, 


= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ C,. 
= SPEC. 

c) IfC, = SPEC, add .6ns/pF if C_ > Cspec, subtract .3ns/pF 
(from modified delay) if CL < Cspec. 


. taw= 2tcy- tp3 — trg2 - 140 ns(— 1:110 ns, — 2:130 ns). 

. tow = tcy — to3 — trg2 - 170 ns (— 1:150 ns, — 2:170 ns). 

. If not HLDA, twp = twa = to3 + trg2 + 10 ns. If HLDA, twp 
= twa = twr. 

. thr = tpg + trg2 —50 ns). 4 


- twe = tos + trea —- 10ns. 
. Data in must be stable for this period during DBIN T3. 


Both tps; and tps2 must be satisfied. 

Ready signal must be stable for this period during To or Tw. 

(Must be externally synchronized.) 

Hold signal must be stable for this period during To or Tw 
when entering hold mode, and during T3, T4, Ts and Tw 
when in hold mode. (External synchronization is not re- 
quired.) 

Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re- 
quired.) 

This timing diagram shows timing relationships only; it does 
not represent any specific machine cycle. 
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_INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. ae 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 


~ six working registers and the accumulator using direct, in- 
_ direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 


‘The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 


double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


DATA WORD 


[D; Dg Ds Dg: Dg D5 Dy Do| 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed !/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents-of two 16-bit register 
pairs directly. 


- Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
_ same format. 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


Re ae [ D7 Dg Ds D4 D3 Dz D, Do | OP CODE 
Two Byte Instructions | 
D7 Dg Ds Dg D3 Dz D; Dg | OP CODE 
D7 Dg Ds Dg Dz Dz D;, Dg | OPERAND 
Three Byte Instructions 
OP CODE | 


D7 Dg Ds Dg D3 Do D; Do 


D7 Dg Ds D4 Dz D2 Dy Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or |/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 


[D7 Dg Ds D4 D3 Dz D; Do | HIGH ADDRESSOR OPERAND 2 


For the 8080A a logic ‘1’ is defined as a high level and a logic ‘‘0” is defined as a low level. 
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Table 2. Instruction Set Summary 


Clock 
. Instruction Code [1] Operations instruction Code [1] Operations Cycles 
D7 Dg Ds D4 D3 Do Di Do Description Mnemonic - = a D4 D3 Do D; Do Description [2] 


MOVE, LOAD, AND STORE 
MOVri72 10 1 DOD OD 
-|MOVM,r {0 1 1 «17 


Move register to register 
Move register to 


JPO ; : 0 1 O |Jump on parity odd 
PCHL 0 0 1 |H&Lto program 
counter 


STACK OPS 
PUSH B 


POP PSW 


XTHL 


SPHL 
LX! SP 


INX SP 


o oOo 


oO 


-oooococoo°oeo 


ee 


ee a ee 2 


Oo 


oO 


-oooococoeccae 


i=) =) 


Ss 


—~-—-_--=-O0000 


a st st ot = COO O CO 


D 


D 


— 


oO 


ooo-+_-0-+-0 


o-=+- 00+ 0 


—_-=-" O + O + = O OO 


—=—“"0O00+-"0=0 


oooooooo9;o 


ooocoocco 


at it et 


oooococo$c;jo — 


memory 

Move memory to regis- 
ter 

Move immediate regis- 
ter 

Move immediate 
memory 

Load immediate register 
PairB&C 

Load immediate register 
PairD&E 

Load immediate register 
PairH & L 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 
Exchange D&E,H&L 
Registers 


Push register Pair B & 
C on stack 

Push register Pair D & 
E on stack 

Push register Pair H & 
L on stack 

Push A and Flags 

on stack 

Pop register Pair B & 
C off stack 

Pop register Pair D & 
E off stack 

Pop register Pair H & 
L off stack 

Pop A and Flags 

off stack 

Exchange top of 
stack, H&L 

H & L to stack pointer 
Load immediate stack 
pointer 

Increment stack pointer 
Decrement stack 
pointer 


Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 

Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 


1 2-8 


a ee ee | 


ee ee ee ee ee 


Se ee 


ee ee ee ee ee ee 


—_— = = OOCCO 


ae ss OCC 0C SO 


oo-7--o0+-+-0o0 


oo-+-o0c-+--+_0O0 


oan CF O+-"0 =— 


o-e=-O00+0—- — 


a ee ee ee ee 


ooooooc;jcooo 


oooocjoocco 


oooooo°coc°co 


oooooo°cco 


ooooocooc 


‘Decrement H & L’ 


Call unconditional 


Call on zero 

Call on no zero 
Call on positive 
Call on minus 

Call on parity even 
Call on parity odd 


Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 

Increment D & E 
registers 
Increment H & L 
registers 
Decrement B & C 
Decrement D & E 


Add register to A 
Add register to A 
with carry 

Add memory to A 
Add memory to A 
with carry 

Add immediate to A 
Add immediate to A 
with carry 

Add B&CtoH&L 
Add D&EtoH&L 
Add H&LtoH&L 
Add stack pointer to 
H&L 


AFN-00735C 


8080A/8080A-1/8080A-2 


Summary of Processor Instructions (Cont.) 


Clock 
instruction Code [1] Operations Cycles 


Mnemonic | D7 Dg Ds D4 Dz Do Dy Do} Description [2] 


SUBTRACT 
SUB r S S |Subtract register 
from A ; 
SBBr Subtract register from 
Awith borrow 
SUB M Subtract memory 
from A 
SBB M Subtract memory from 
Awith borrow 
SUL 4& Subtract immediate 
from A 
SBI Subtract immediate 
from Awith borrow 
LOGICAL 
ANAr And register with A 4 
XRAr Exclusive Or register 4 
with A 
ORA r Or register with A 4 
CMP r Compare register with A| 4 
| ANAM And memory with A 7 
’XRAM Exclusive Or memory 7 
with A 
ORAM Or memory with A 7 
| CMPM Compare memory with 
A. 7 
ANI And immediate with A if 
XRI Exclusive Or immediate 7 
withA — 
ORI Or immediate with A 7 
CPI Compare immediate 7 
with A 
NOTES: . 


Clock 
instruction Code [1] _ Operations Cycles 
Mnemonic! D7 Dg Ds D4 D3 Do D; Do Description {2] 


Rotate A left 
Rotate A right 

Rotate A left through 
carry 

Rotate A right through 


Complement A 


1. DDD or SSS: B=000, C=001, D=010, E=014, H=100, L=101, Memory=110, A=111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 


*All mnemonics copyright “Intel Corporation 1977 


4 
Set carry 4 
Complement carry 4 
Decimal adjust A 4 
Enable Interrupts 4 
Disable Interrupt 4 
No-operation 4 
Halt F 
a 
AFN-00735C 
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8085AH/8085AH-2/8085AH-1 
8-BIT HMOS MICROPROCESSORS 


# Single +5V Power Supply with 10% a On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 

= 3 MHz, 5 MHz and 6 MHz Selections Large System Control 
Available = Four Vectored Interrupt Inputs (One is 


Non-Maskable) Plus an 


= 20% Lower Power Consumption than 8080A-Compatible Interrupt 


8085A for 3 MHz and 5 MHz Hien : 
! = Serial In/Serial Out Port 
2 1.3 us Instruction Cycle (8085AH); 0.8 @ Decimal, Binary and Double Precision 
1S (8085AH-2); 0.67 ws (8085AH-1) Arithmetic | 
= 100% Compatible with 8085A | = Direct Addressing Capability to 64K 
; F Bytes of Memory 
» 100% Software Compatible with 8080A = Available in EXPRESS 
= On-Chip Clock Generator (with - Standard Temperature Range 
External Crystal, LC or RC Network) - Extended Temperature Range 


The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A 
microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. Its . 
high level of system integration allows a minimum system of three IC’s [8085AH (CPU), 8156H (RAM/IO) and 
8355/8755A (ROM/PROM/IO)] while maintaining total system expandability. The 8085AH-2 and 8085AH-1 are | 
faster versions of the 8085AH. » 


The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 


The 8085AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8bitdata — 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 
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INTERRUPT CONTROL SERIAL 1/0 CONTROL 
8-BIT INTERNAL DATA BUS { 
Vcc 


x4 

X2 

RESET OUT 
SOD 


HOLD 
HLDA 
CLK (OUT) 


ACCUMULATOR TEMP. REG INSTRUCTION 
‘ si RESET IN 
FLAG '5) — 
FLIP-FLOPS | - - - — RST 7.5 10/M 
Ph RST 65 S1 
ARITHMETIC INSTRUCTION De tal RST 5.5 RD 
LOGIC a REG REG. INTR WR 
oe os Hs nT ae 
{AL CYCLE . : 
” ENCODING T6) ADO So 
STACK POINTER AD} Be 
PROGRAM COUNTER we AD2 A14 
AD3 A13 


AD4 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


ADs 


’ ADg& A10 
‘ AD7 Ag 
TIMING AND CONTROL : _ -~ Vek Ag 
X2 GEN CONTROL STATUS DMA eet I] rt 
CLK OUT RD WR ALE SoS; IO/M HLDA RESET OUT es bee 
ead er nal dan ADDRESS BUS - ADDRESS/DATA BUS t 
Figure 2. 8085AH Pin 
Figure 1. 8085AH CPU Functional Block Diagram Configuration 
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Table 1. Pin Description 


Address Bus: The most significant 
8 bits of the memory address or the 


8 bits of the I/O address, 3-stated 
during Hold and Halt modes and 
during RESET. 


Multiplexed Address/Data Bus: 
Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (T state) 
of a machine cycle. It then becomes 
the data bus during the second and 
third clock cycles. / 


Address Latch Enable: It occurs 
during the first clock state of a ma- 
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 
information. ALE is never 3-stated. 


Machine Cycle Status: 


1O/M S; Spo Status 
1 Memory write 
0 Memory read 
1 I/O write 

0 I/O read 
1 
, 
1 


Opcode fetch 
Opcode fetch 
Interrupt 
Acknowledge 
. 0 O Halt 

: X  X Hold 

: X  X Reset 

* = 3-state (high impedance) 
X = unspecified 


S, can be used as an advanced R/W 
status. |O/M, So and S; become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these lines. 


Read Control: A low level on RD 
indicates the selected memory or 
\/O device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET. 


Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or |/O location. Data is set 


- up at the trailing edge of WR. 3- 


stated during Hold and Halt modes 
and during RESET. 


| Symbol | Type — Name and Function 


READY E Ready: If READY is high during a 


read or write cycle, it indicates that 
the memory or peripheral is ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycies for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 


Hold: Indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur- 
rent bus transfer. Internal process- 
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the Address, 
Data RD, WR, and IO/M lines are 
3-stated. 


Hold Acknowledge: Indicates that 
the cpu has received the HOLD re- 
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 


Interrupt Request: Is used as a 
general purpose interrupt. It is 
sampled only during the next to the 
last clock cycle of an instruction 
and during Hold and Halt states. If it 
is active, the Program Counter (PC) — 
will be inhibited from incrementing 
and an INTA will be issued. During 
this cycle a RESTART or CALL in- 
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software. It is disabled by Reset and 
immediately after an interrupt is ac- 
cepted. 


interrupt Acknowledge: Is used in- 
stead of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 


Restart Interrupts: These three in- 
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted. 


The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually masked out using the 
SIM instruction. 
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Table 1. Pin Description (Continued) 


Trap: Trap interrupt is a non- 
maskable RESTART interrupt. It is 
recognized at the same time as 
INTR or RST 5.5-7.5. It is unaffected 
by any mask or Interrupt Enable. It 
has the highest priority of any inter- 
rupt. (See Table 2.) 


Reset in: Sets the Program 
Counter to zero and resets the Inter- 
rupt Enable and HLDA flip-flops. 
The data and address buses and the 
control lines are 3-stated during 
RESET and because of the asyn- 


chronous nature of RESET, the pro- 
cessor’s internal registers and flags 
may be altered by RESET with un- 
predictable results. RESET IN is a 
Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay (see Figure 
3). Upon power-up, RESET IN must 
remain low for at least 10 ms after 
minimum Voc has been reached. 
For proper reset operation after the 
power-up duration, RESET IN 
should be kept low a minimum of 
three clock periods. The CPU is held 
in the reset condition as long as 
RESET IN is applied. 


Woe) fick veka Power: +5 volt supply. 


Reset Out: Reset Out indicates cpu 
is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an integral number 
of clock periods. 


X, and Xp: Are connected to a> 
crystal, LC, or RC network to drive 
the internal clock generator. X; can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor's 
internal operating frequency. 


Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the X;, Xp input period. 


Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 


Serial Output Data Line: The out- 
put SOD is set or reset as specified 
by the SIM instruction. 


co eebee ee Ground: Reference. 


Table 2. Interrupt Priority, Restart Address, and Sensitivity 


eee 
When Interrupt Occurs Type Trigger - 

| 24H: Rising edge AND high level until sampled. 
ee ee 
A 


NOTES: 


1. The processor pushes the PC on the stack before branching to the indicated address. 


2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 


RESET IN 


TYPICAL POWER-ON RESET RC VALUES’ 
R; =75KQ 


Cy =14F 
*VALUES MAY HAVE TO VARY DUE TO 
APPLIED POWER SUPPLY RAMP UP TIME. 


Figure 3. Power-On Reset Circuit 
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FUNCTIONAL DESCRIPTION 
The 8085AH is a complete 8-bit parallel central pro- 


_ cessor. It is designed with N-channel, depletion 


load, silicon gate technology (HMOS), and requires 
a single +5 volt supply. Its basic clock speed is 


8 MHz (8085AH), 5 MHz (8085AH-2), or 6 MHz 


(8085AH-1), thus improving on the present 8080A’s 
performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC’s: 
The CPU (8085AH), a RAM/IO (8156H), and a ROM or 
EPROMIIO chip (8355 or 8755A). . 


The 8085AH has twelve addressable 8-bit registers. 
-_ Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 8085AH 
register set is as follows: 


Mnemonic Register Contents 
ACC orA Accumulator 8 bits 
PC Program Counter 16-bit address 
BC,DE,HL General-Purpose  8bitsx6or 
Registers; data 16 bits x 3 
pointer (HL) 
SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bit space) 


The 8085AH uses a multiplexed Data Bus. The 


address is split between the higher 8-bit Address 
_ Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the 
low order address is sent out on the Address/Data 
bus. These lower 8 bits may be latched externally by 
the Address Latch Enable signal (ALE). During the 
rest of the machine cycle the data bus is used for 
memory or |/O data. 


The 8085AH provides RD, WR, So, S;, and |O/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor’s internal 
clock. The 8085AH also provides Serial Input Data 


- (SID) and Serial Output Data (SOD) lines for simple 


serial interface. 


In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 


INTERRUPT AND SERIAL I/O 


The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


2-13 


8085AH/8085AH-2/8085AH-1 


The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent 
of the state of the interrupt enable or masks. (See 
Table 2.) seth 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level- 
sensitive like INTR (and INT on the 8080) and are 
recognized with the same timing as INTR. RST 7.5is_ 
rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt 
request (a normally high level signal with a low 
going pulse is recommended for highest system 
noise immunity). The RST 7.5 request flip-flop 
remains set until the request is serviced. Then 
it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a 
RESET IN to the 8085AH. The RST 7.5 internal flip- 
flop will be set by a pulse on the RST 7.5 pin even 
when the RST 7.5 interrupt is masked out. 


The status of the three RST interrupt masks can only 
be affected by the SIM instruction and RESET IN. 
(See SIM, Chapter 5 of the MCS-80/85 User’s 
Manual.) 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP— 
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR— 
lowest priority. This priority scheme does not take 
into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt 
an RST 7.5 routine if the interrupts are re-enabled 
before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. The 
TRAP input must go high and remain high until it is 
acknowledged. It will not be recognized again until it 


goes low, then high again. This avoids any false © 


triggering due to noise or logic glitches. Figure 4 
illustrates the TRAP interrupt request circuitry 
within the 8085AH. Note that the servicing of any 
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an 
El instruction is executed. ; 
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EXTERNAL 
TRAP 


INTERRUPT 
REQUEST 


‘) RESET IN SCHMITT 


TRIGGER 


INTERRUPT 
REQUEST 


INTERNAL TRAP F.F. 
TRAP 


ACKNOWLEDGE 


Figure 4. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction follow- 
_ ing a TRAP interrupt allows you to determine 
whether interrupts were enabled or disabled priorto 
the TRAP. All subsequent RIM instructions provide 
current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5.5-7.5 will 
provide current Interrupt Enable status, revealing 
that Interrupts are disabled. See the description of 
the RIM instruction in the MCS-80/85 Family User’s 
~ Manual. 


The serial I/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X, AND X, INPUTS 


You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 can 
be operated with a 12 MHz crystal (for 6 MHz clock). 
If a crystal is used, it must have the following 
characteristics: 


Parallel resonance at twice the clock frequency 
desired 

C, (load capacitance) < 30 pF 

Cs (shunt capacitance) < 7 pF 

Rs (equivalent shunt resistance) < 75 Ohms 
Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 


Note the use of the 20 pF capacitor between X> and 

ground. This capacitor is required with crystal fre-. 
quencies below 4 MHz to assure oscillator startup at 

the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network 

for the 8085AH, providing that its frequency 

tolerance of approximately +10% is acceptable. The 
components are chosen from the formula: 


pee Piece 22s 28 
27VL(Cext + Cint) 


To minimize variations in frequency, it is recom- 
mended that you choose a value for C,,¢ that is at 
least twice that of Cjp,¢, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 


An RC circuit may be used as the frequency- 
determining network for the 8085AH if maintaining a 
precise clock frequency is of no importance. Var- 
iations in the on-chip timing generation can cause a 
wide variation in frequency when using the RC 
mode. Its advantage is its low component cost. The 
driving frequency generated by the circuit shown is 
approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be 
attempted. ‘ 


Figure 5 shows the recommended clock driver cir- 
cuits. Note in D and E that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 


For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X; and leave Xz 
open-circuited (Figure 5D). If the driving frequency 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X, and Xo 
with a push-pull source (Figure 5E). To prevent 
self-oscillation of the 8085AH, be sure that Xo is not 
coupled back to X; through the driving circuit. 


9-14 ) AFN-01835C 


i 


intel fe - 8085AH/8085AH-2/8085AH-1 


*20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY < 4 MHz ONLY. 


a. Quartz Crystal Clock Driver 


c. RC Circuit Clock Driver 


LOW TIME > 60 ns 


*X> LEFT FLOATING 


d. 1-6 MHz Input Frequency External Clock 
Driver Circuit — 


LOW TIME > 40 ns 


e. 1-12 MHz Input Frequency External Clock 
Driver Circuit 


Figure 5. Clock Driver Circuits 


GENERATING AN 8085AH WAIT STATE 


If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 


The D flip-flops should be chosen so that 
e CLK is rising edge-triggered 
e CLEAR is low-level active. 


*ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH 
EXCEEDS 8085AH IOL OR IOH. 


Figure 6. Generation of a Wait State for 8085AH 
CPU 
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10/M 


RESET OUT 
READY 


8156H 8355 [ROM + i/O] 
[RAM + /O + COUNTER/TIMER] 


OR 
8755A [PROM + 1/0} 


oh IN 
HOLD 


HLDA 
SOD 


1 

RESET S 

ADDR/ OUT 0 
DATA ALE RD WR 10/M RDYCLK 


/M (CS) 
| HL if 
oa aT - 


STANDARD 
MEMORY 


es Pe (CS) 


vi 1/0 PORTS, 
ane At CONTROLS 


STANDARD 
1/0 


UAT ITT ™ 


Figure 9. MCS-85® System (Using Standard Memories) 
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_As in the 8080, the READY line is used to extend the 

read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU to 
relinquish the bus when it is through with it by float- 
ing the Address and Data Buses. 


SYSTEM INTERFACE 


The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
_ For example, a system consisting of the three chips, 
8085AH, 8156H, and 8355 will have the following 
features: 


2K Bytes ROM 

256 Bytes RAM 

1 Timer/Counter 

4 8-bit |/O Ports 

1 6-bit I/O Port 

4 Interrupt Levels 

Serial In/Serial Out Ports 


This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 


In addition to standard I/O, the memory mapped |/O 
_ Offers an efficient I/O addressing technique. With 
this technique, an area of memory address space is 
assigned for I/O address, thereby, using the memory 
address for !/O manipulation. Figure 8 shows the 
' system configuration of Memory Mapped I/O using 
8085AH. 


The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed 
address/data bus. It will require a simple 8212 (8-bit 
latch) as shown in Figure 9. 


\ 


TES TART 
Sdekhas 
a2 
Be as 
Vss Vcc Vop PROG 
aeae 


*“NOTE: OPTIONAL CONNECTION 


Figure 7. 8085AH Minimum System (Standard I/O 
Technique) 
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BASIC SYSTEMTIMING Table 3. 8085AH Machine Cycle Chart 


The 8085AH has a multiplexed Data Bus. ALE is used MACHINE CYCLE 
as a strobe to sample the lower 8-bits of address on OPCODE FETCH (OF) 
‘ rk ; H MEMORY READ (MR) 
the Data Bus. Figure 10 shows an instruction fetch, erie Gare aaa 
memory read and I/O write cycle (as would occur 1/0 READ (10R) 
during processing of the OUT instruction). Note that ue yeas ick (tow) 
during the I/O write and read cycle thatthe /O port = | 4." hei 
address is copied on both the upper and lower half BUS IDLE (BI): DAD 
of the address. 7 er eon 


. HALT 
There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (1O/M, S;, So) and the 
three control signals (RD, WR, and INTA). (See Table 


Seats & Buses 


' 3.) The status lines can be used as advanced con- oe aes citi ldaa.glADy. Atte FRE WRI Pac 
trols (for device selection, for example), since they T, = : 5 ae 
become active at the T; state, at the outset of each T = ‘ 
machine cycle. Control lines RD and WR become “a Baa hae ‘ 
active later, at the time when the transfer of data is to T 7 a 
take place, so are used as command lines. Ts Ee A 

0 
A machine cycle normally consists of three T states, ‘ é 
with the exception of OPCODE FETCH, which nor- Taser |X , 
mally has either four or six T states (unless WAIT or Meets 
HOLD states are forced by the receipt of READY or ates 4 


HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 4. 0 = Logic “0” TS = High Impedance 


1 = Logic 1" X = Unspecified 
* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
t 10/M = 1 during Tq~-Tg of INA machine cycle. 


(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY 
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL 
(INSTRUCTION) 


STATUS & S$,Sq (FETCH) es 10 (READ) 01 WRITE Ce use 


Figure 10. 8085AH Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 7 *NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings”: may cause permanent damage to the 
Ambient Temperature Under Bias ......... 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature ............... ~65°C to +150°C tion of the device at these or any other conditions above 
Voltage on Any Pin | those indicated in the operational sections of this specifi- 
With Respect to Ground .............. _~0.5V to +7V cation is not implied. Exposure to absolute maximum 
Power Dissipation ...¢ ke. et 1.5 Watt rating conditions for extended periods may affect device 
9 Te reliability. 
D.C. CHARACTERISTICS 


8085AH, 8085AH-2: (Ta = 0°C to 70°C, Voc = 5V +10%, Vgs =OV; unless otherwise specified)* 
8085AH-1: (Ta = 0°C to 70°C, Voc = 5V +5%, Vgsg = OV; unless otherwise specified) 


ee 
et ae 
ma | oom 
ox 
ad 


Output High Voltage lon = —400uA 
8085AH, 8085AH-2 
‘lec Power Supply Current 


A.C. CHARACTERISTICS | 
8085AH, 8085AH-2: (Ta = 0°C to 70°C, Voc = 5V +10%, Vgg = OV)* 
8085AH-1: (Ta = 0°C to 70°C, Voc = SV +5%, Vsg = OV) 


8085AH-1 (Preliminary) 
0<Vin=Vec 
0.45V < Vout = Vcc 


0.15 


Min | 
ts 
re 
a 
eo 
Bee eae 
Saas 
be et 
en 
ee 
pe id 
fs ane! 


3 8085AH'?) | 8085AH-2!2! 8085AH-1 
Parameter _ (Final) (Final) (Preliminary) | 


in 

[Reve [tk Oveieoncg ——SCSCS~*~*di« 
[ty AK Low Tie Standard OX Loading) | eo 

[te | CLK Tne Standard CLK Lonsing) | 20 

ee 

- 


7 


Xz Rising to CLK Rising 


X Rising to CLK Falling 


20 | 360 ni 
Fine [hase alibtoLnading cape otconival™ | aro | [us| | | | 
[ines | Aor Vaidio Losing Edge conte [0 | |e] | |_| | 
[uo [Aas valswovaiaoain «did we | 


Address Float After Leading Edge of 
READ (INTA) ; 


Ag-15 Valid Before Trailing Edge of ALE !1! pane oP Boe 


*Note: For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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A.C. CHARACTERISTICS (Continued) 


8085AH-1 
(Preliminary) 


8085AH'2) | 8085AH-2!2! 


Parameter (Final) (Final) 


Ag.7 Valid Before Trailing Edge of ALE 


READY Valid from Address Valid 
Address (Ag.15) Valid After Control 


Min. 
| 90 
120° 
Width of Control Low (RD, WR, INTA) | 400 


tALL 


tary 


Lona 


CA 


- 
© 
ie) 


Edge of ALE 


| Trailing Edge of Control to Leading Edge 
‘| of ALE 


Data Valid to Trailing Edge of WRITE 


HLDA to Bus Enable SL 2 TSS se oes ae 


o 
- 


Bus Float After HLDA 


Ee 
HLDA Valid to Trailing Edge of CLK 190) 1 ee Oe a one 
HOLD Hold Time | ey ee | 
Ping = PWR Hel Tine 8 ee de ol Ol ee 
= fees ft fol fal fs 
Falling Edge of CLK 
fl aoeesiemuene et oe ee 
Pa 
of Control 
Cm el eS 
S°guE Tc a OM 
ie (ae aiedieindons 


ce wos 3 
tLRy ALE to READY Stable 


Trailing Edge of READ to Re-Enabling 
of Address 


READ (or INTA) to Valid Data 


tHACK 


oes 
eae 
oe eee 
Bare! 


Control Trailing Edge to Leading Edge 
of Next Control 


Data Hold Time After READ INTA 
READY Hold Time _ 


READY Setup Time to Leading Edge 
of CLK 


Data Valid After Trailing Edge of WRITE 100 
LEADING Edge of WRITE to Data Valid 


~~ 
< 


\ 


tRYH 


‘ot 
nk e 
oO 


trys 100 


7 
w 


tWDL ns 


> 
oO 
—"s 
2) 
oO 
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NOTES: 3. For all output timing where C, # 150 pF use the following 

1. Ag—A15 address Specs apply IO/M, So, and S; except Ag—A15 correction factors: 
are undefined during T4-Tg of OF cycle whereas IO/M, So, and 25 pF = C; < 150 pF: —0.10 ns/pF 
S; are stable. 150 pF < C, < 300 pF: +0.30 ns/pF 

2. Test Conditions: tcyc = 320 ns (8085AH)/200 ns (8085AH-2);/ 4. Output timings are measured with purely capacitive load. 
167 ns (8085AH-1); C, = 150 pF. 5. To calculate timing specifications at other values of tcyc use 
Table 5. F 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


_| INPUT/OUTPUT 


2.0 DEVICE 


: NDER 
> TEST POINTS rae) . witha 
CL = 150 pF 


: 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1” 
AND 0.8V FOR A LOGIC ‘0. C, = 150 pF 
C, INCLUDES JIG CAPACITANCE 


Table 5. Bus Timing Specification as a Tcyc Dependent 


8085AH ~ 8085AH-2 


| ee Me ee 
[wo | werwtaas | waswt-w0 | wernyr-ie 
[tow | ee-wr-e | @aswr-7e | e@enjt-v0 

[tor | wate | wares | amreer 
[tase | oats | wares | _amtee 
Los | war | were | oar 


NOTE: Nis equal to the total WAIT states. T = tcyc. 


(4/2) T — 159» 
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WAVEFORMS (Continued) 
READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES 


TO WRITE 


Ty T2 Twait 


CLK 


\3 


Door Sasa 
\ 
| 
i 


ADy-AD, 


ALE 


RO/INTA 


READY 


NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 


INTERRUPT AND HOLD — 


ty 
INTR;, 7 / 


Uns 


— BUS FLOATING* —— 


*10/M IS ALSO FLOATING DURING THIS TIME. 
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Table 6. Instruction Set Summary 


Instruction Code Operations 
D7 Dg Ds D4 D3 Dz D; Do Description 
‘MOVE, LOAD, AND STORE 


MOvVr1 r2 
MOV M.r 


Move register to register 
Move register to memory 


MOV r.M Move memory to register 
MVI r Move immediate register 
MVIM Move immediate memory 


LX! B Load immediate register 
Pair B & C 

load immediate register 
PairD&E 

Load immediate register 
PairH &L 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 
ExchangeD& E, H&L 
Registers 


=) 
=) 


oO 
oO 
oO 
Oo 


-oaoqoc0coeocoeo0ceo 
-“-oaOo0oco0coeo°ceoo 
oo oO + ++ 0-0 
--+-'O0O-+-0++00 
oooo0o0cooo 


Push register Pair B & 
C on stack 

Push register Pair D & 
E on stack 

Push register Pair H & 
Lon stack 
Push A and Flags 

on stack 

Pop register Pair B & 
C off stack 

Pop register Pair D & 
E off stack 

Pop register Pair H & 
L off stack 

Pop A and Flags 

off stack 

Exchange top of 
stack, H & L 

H & L to stack pointer 
Load immediate stack 
pointer 

Increment stack pointer 
Decrement stack 
pointer 


| PUSH PSW 


POP B 


POP D 


POP H 


POP PSW 


Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 

Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 
H & L to program 
counter 


spelt ae aed eels eth) callie ead lambs eal \ceak 
BST ea eee pee cae © eat 
—~ et oe es = OOO CO 


ooo-+?-oo0o-+0 
-o-+-0O0+0-+0 
ooooo0c”coocc°co 
CD tek Sk eS RS) Set ek 
=-=oooocooo°co- 


Call unconditional 
Call on carry 
Call on no carry 
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RESTART 


SUBTRACT 
SUB r 


SBB r 

SUB M 
SBB M 
SUI 


SBI 


instruction Code Operations 
D7 Dg Ds D4 Dz Do D; Do Description 


1 1 Call on zero 
0 Call on no zero 
0 { Call on positive 
1 Call on minus 
1 
§ 


1 

Ste | 
4 
ee 
1 
134 


Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


Py AAA teen oe 


CAP URCRRE ASE PRIETO ES EP Ea oe 
bgt 0 a a aRe Le 
4~---=0O00000 
oo-=0cO-=40 
o--co0+-0-8-4 
cocoeoecooo 
SCO0COC CCC CSo 
eoooCoCCoCooO-= 


Increment register 

D Decrement register 

1 increment memory 

1 Decrement memory 

0 Increment B & C 
registers 

0 increment D&E 
registers 

1 Increment H & L 
registers 
Decrement B & C 
Decrement D&E 
Decrement H & L 


Add register to A 
Add register to A 
with carry 
Add memory to A 
Add memory to A 
with carry 
Add immediate to A 
Add immediate to A 
with carry 

|Add B&CtoH&L 
Add D&EtOH&L 
AddH&LtoH&L 
Add stack pointer to 
H&L 


Subtract register 

from A ‘Ss 
Subtract register from 
Awith borrow 

Subtract memory 

from A 

Subtract memory from 
Awith borrow 

Subtract immediate 5 
from A 


Subtract immediate 
from A with borrow 
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Table 6. Instruction Set Summary (Continued) 


Instruction Code Operations 
Mnemonic | D7 Dg Ds D4 Dz Do D; Do - Description 


SPECIALS 
CMA 1 1 1 1 + 1 | Complement 
A 


LOGICAL 
ANA r 
XRA r 


And register with A 
Exclusive OR register 
with A 

OR register with A 
Compare register with A 
And memory with A 
Exclusive OR memory 
with A 

OR memory with A 
Compare 


STC Set carry 

CMC Complement 
carry 

DAA Decimal adjust A 

eens 


ORA r 

CMP r 

ANA M 

XRA M 
1 Enable Interrupts 

DI 1 Disable Interrupt. 

NOP 0 No-operation 

HLT 0 Halt 

NEW 8085A INSTR 

RIM 


ORA M 
CMP M 


oo oooo oo 


memory with A 
And immediate with A 
XRI Exclusive OR immediate 
with A 
ORI OR immediate with A 
CPI Compare immediate 
with A 


el 


ANI 
Read Interrupt Mask 
Set Interrupt Mask 


ROTATE 
RLC Rotate A left 
RRC Rotate A right 
RAL Rotate A left through 
. carry 
RAR Rotate A right through 
carry 


NOTES: 
1. DDS or SSS: B 000, C 001, D 010, E011, H 100, L 101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 


*All mnemonics copyrighted ©intel Corporation 1976. 
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WAVEFORMS ‘ 
CLOCK 


X71 INPUT 


CLK 
OUTPUT 


RD/INTA 


-— ti cK — 


F, 
ADDRESS 


& 


the aes 
-— tLow CA 
F, 
\ ADDRESS 4 DATA OUT , 
4 4 a 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 


a Single +5V Power Supply w Four Vectored Interrupt Inputs (One is 
= 100% Software Compatible with 8080A sstlialemetsk ide 8080A- 

1.3 us Instruction Cycle (8085A): aaa Se area 

0.8 us (8085A-2) | w Serial In/Serial Out Port 
“3 ouariccene Nace ene) a Decimal, Binary and Double Precision 


Arithmetic 
ws On-Chip System Controller; Advanced 
Cycle Status Information Available for sw Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 


_ The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC’s [8085A (CPU), 8156 (RAM/IO) and 8355/8755A 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 


The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 


INTA RST6.5 TRAP 
INTR RST 5.5 AST7.5 siD sop 
INTERRUPT CONTROL SERIAL 1/0 CONTROL 
| 8.BIT INTERNAL DATA BUS 1 x4 Vcc 


X2 
RESET OUT 


HOLD 
HLDA 


SoD CLK (OUT) 
REG. papdbenin hiya SID RESET IN 
TRAP READY 
| RST 7.5 10/M 
INSTRUCTION RST 5.5 RD 
CYCLE REG. 
ENCODING = ADo So 
ote ae pepe INCREMENTER/DECREMENTER ee Abe 
SUPPLY | —> GND DRESSLATCH (16) ADS Al2 
ADs Ail 
ADE A10 
AD7 Ag 
TIMING AND CONTROL > ~ Vss Ag 
X2 GEN CONTROL STATUS DMA pie ar a ee lI 
CLK OUT RD WR ALE SoS; 10/M HLDA RESET OUT waa n 
15- AD7-A 
pepe Kaiten eaten ADDRESS BUS ADDRESS/DATA BUS 


3 ‘Figure 2. 8085A Pin 
Figure 1. 8085A CPU Functional Block Diagram Configuration 


2-26 AFN-01242C 


ae intel ee 8085A/8085A-2 


ABSOLUTE MAXIMUM RATINGS’ “NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


: P x (e) ° 

Ambient Temperature Under Bias. ........ dete 10.0 tion of the device at these or any other conditions above 

Storage Vemperature sn. ek. —65 C to +150 C those indicated in the operational sections of this 

Voltage on Any Pin specification is not implied. Exposure to absolute 
With Respect to Ground............ —0.5V to +7V maximum rating conditions for extended periods may 


POWer WissiOetION ies cde ae tn eee 1.5 Watt affect device reliability. 


D.C. CHARACTERISTICS (T, = 0°C to 70°C, Veg = OV +5%, Vsg = OV; unless otherwise specified) 


[Symbol [Parameter in| Wax [Units | ‘Yow Gondiions 
unineme | we ee ye 
[My | te igh Vonage | 20 | Vegws |v : 
TVor | Own tow vor it oas |v | gg tk 
PG, cent vom ae fe a 
rome Guroe [Pf mm 
wie ee ee 
a a ee eS 
pt tontow low Reser |v og fee | ve 
Vion | tout tin woe Reser [a4 | veoos |v | 


Vine 
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A.C. CHARACTERISTICS (T, = 0°C to 70°C, Voc = OV +5%, Vgg = OV) 


Ao-15 Valid to Valid Data In 
Address Float After Leading Edge o 
READ (INTA 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 2 

Trailing Edge of Control to Leading Edge 
of ALE 


Data Valid to Trailing Edge of WRITE 
HLDA to Bus Enable 


R, RST, and TRAP Setup Time to 
Falling Edge of CLK 
Address Hold Time After ALE 
Trailing Edge of ALE to Leading Edge 
of Control 
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_ A.C. CHARACTERISTICS (Continued) 


trag | Trailing Edge of READ to Re-Enabling 
of Address 


| READ (or INTA)to Valid Data | READ (or INTA)to Valid Data NSE to Valid Data 
of Next Control 
Data Hold Time After READ INT of te _— 


80 READY Hold Time 


| trys | READY Setup Time to Leading Edge 
of _oaperogrmrarranemery grazers 


| | Data Valid After Trailing Edge of WRITE | 100 _— ee 
LEADING Edge of WRITE to Data Valid a eee oe 


NOTES: 
dt. Ag-Ays address Specs apply to |O/M, So, and S1 except Ag-Ay5 are undefined during T4-Tg of OF cycle 
whereas IO/M, So, andS, are stable. 
2. Test conditions: tcyc = 320ns (8085A)/200 ns (8085A-2); C; = 150 pF. 
- 3. For all output timing where C, = 150pF use the following correction factors: 
25pF < C, < 150pF: —0.10ns/pF 
150 pF < C, < 300pF: +0.30ns/pF 


4. Output timings are measured with purely capacitive load. 
5. All timings are measured at output votage V; =0.8V, Vy =2.0V, and 1.5V with 20ns rise and fall time on inputs. 
6. Tocalculate timing specifications at other values of tcyc use Table 7. 
7. Data hold time is guaranteed under all loading conditions. 
6 
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST 


"Derm 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
| ALOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC “0.” : 


p 
C, INCLUDES JIG CAPACITANCE 


\ 
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8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 


= Single +5V Power Supply with 10% 
Voltage Margins 

& 30% Lower Power Consumption than 
the 8155 and 8156 

= 100% Compatible with 8155 and 8156 

@ 256 Word x 8 Bits 

ws Completely Static Operation 

= Internal Address Latch 

= 2 Programmable 8-Bit !/O Ports 


= 1 Programmable 6-Bit I/O Port 

# Programmable 14-Bit Binary Counter/ 
Timer 

= Compatible with 8085AH, 8085A and 
8088 CPU 

= Multiplexed Address and Data Bus 


a Available in EXPRESS 
~- Standard Temperature Range 
- Extended Temperature Range 


The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate technology 
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 


organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The 


8155H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU. 


The 1/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse: 


for the CPU system depending on timer mode. 


s 


256 X 8 
STATIC 
RAM 


TIMER aed 


TIMER OUT 


Vee (+5V) 
Veg (OV) 


*8155H/8155H-2 = CE, 8156H/8156H-2 = CE 


Figure 1. Block Diagram 


PC, 
PC, 

TIMER IN 
RESET 

PC, 

TIMER OUT 
10/M 

CE OR CE* 
RD 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 2. Pin Configuration 


intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are !mplied. 


© INTEL CORPORATION, 1981. 
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Vcc 


- @ 2k Bit Static RAM organized as 256 x 8 


~ the memory (RAM) portion. 
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Table 1. Pin Description S 


Type Name and Function 
Reset: Pulse provided by the 8085AH to initialize the system (connect to 8085AH RESET OUT). Input 


high on this line resets the chip and initializes the three I/O ports to input mode. The width of RESET 
pulse should typically be two 8085AH clock cycle times. 


I Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the 8155H/56H on the falling edge of ALE. The 
address can be either for the memory section or the I/O section depending on the!O/M input. The 8-bit 


data is either written into the chip or read from the chip, depending on the WR or RD input signal. 


Chip Enable: On the 8155H, this pin is CE and is ACTIVE LOW. On the 8156H, this pin is CE and is 
ACTIVE HIGH. 


Be Read Control: Input low on this line with the Chip Enabie active enables and ADo-7 buffers. If 1O/M pin 


is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O port or 
command/status registers will be read to the AD bus. 2 


/ 


Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on |O/M. 


Address Latch Enable: This control signal latches both the address on the ADpo-7 lines and the state 
of the Chip Enable and |O/M into the chip at the falling edge of ALE. 


1/0 Memory: Selects memory if low and !/O and command/status registers if high. ; 


Port A: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 


Port B: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 


| 
/O 


TIMER IN 


TIMER OUT Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. _ 


nee Ground: Ground reference. 


PortC: These 6 pinscan function as either input port, output port, or as control signals for PAand PB. 
Programming is done through the command register. When PCp_s are used as control signals, they 
will provide the following: 

PCy — A INTR (Port A Interrupt) 

PC, — ABF (Port A Buffer Full) 

PC> — A STB (Port A Strobe) 

PC3 — B INTR (Port B Interrupt) 

PC, — B BF (Port B Buffer Full) 

PCs — B STB (Port'B Strobe) 


Timer Input: Input to the counter-timer. 


FUNCTIONAL DESCRIPTION 


The 8155H/8156H contains the following: ii RAB laine 


e Two 8-bit I/O ports (PA & PB) andone6-bit |/O port /PC) 


e 14-bit timer-counter 


The 10/M (1O/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PCo-s) or 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE. 


Figure 3. 8155H/8156H Internal Registers 
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CE (8155H) 


OR 


CE (8156H) 


i a 


8155H/8156H/8155H-2/8156H-2 


= Se 


NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS. 


Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 


PROGRAMMING OF THE 
COMMAND REGISTER 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and |O/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 


READING THE STATUS REGISTER 


The status register consists of seven latches, one foreach 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 
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TIMER COMMAND 


DEFINES PAg.7 
0 = INPUT 
1 = OUTPUT 


DEFINES PBo_7 


00 = ALT 1 
DEFINES PCo.5 bits on Be 


10= ALT 4 


ENABLE PORT A 
INTERRUPT 


ENABLE PORT B 
INTERRUPT 


1 = ENABLE 
0 = DISABLE 


NOP — DO NOT AFFECT COUNTER 


OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 


STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

1S REACHED. 


Figure 5. Command Register Bit Assignment 
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interrupt that the 8155H sends out. The second is an~ 
Output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 


= 2 SE ca Milani aretha Mee Blin When the ‘C’ port is programmed to either ALT3 or ALT4 


a Oe ee Eee the control signals for PAand PB are initialized as follows: 
CONTROL | INPUT MODE | OUTPUT MODE 


BF Low Low — 
INTR High 
STB Input Control 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


Low 
Input Control 


PORT A INTERRUPT ENABLE 


PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
1S LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 


VO ADDRESS? 
SELECTION 
A7| a6 |A5|A4|A3 | A2 


YM Ba Sl Saal ae Care 9 a Ps 6 Interval Command/Status Register 
General Purpose !/O Port A 
General Purpose I/O Port B 
Port C — General Purpose !/O or Control 
Low-Order 8 bits of Timer Count 
High 6 bits of Timer Count and 2 bits 
of Timer Mode 


Figure 6. Status Register Bit Assignment 


X: Don't Care. 


t: /O Address must be qualified by CE = 1 (8156H) or CE = 0 (8155H) and 10/M = 1 in 
order to select the appropriate register. 


INPUT/OUTPUT SECTION 
The 1/O section of the 8155H/8156H consists of five regis- 
ters: (See Figure 7.) _ | Figure 7. I/O Port and Timer Addressing Scheme | 


* Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


Figure 8 shows how I/O PORTS A and B are structured 
When the C/S registers are selected during WRITE within the 8155H and 8156H: 


operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and Fp 
the timer becomes available on the ADo-7 lines. 


8155H/8156H 
ONE BIT OF PORT A OR PORT B 


CLK CLR 
e PA Register — This register can be programmed to be OUTPUT 


either input or output ports depending on the status of one 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 

mode or the strobed mode (See timing diagram). The cies 
I/O pins assigned in relation to this register are PAo-7. Rone PIN 
The address of this register is XXXXX001. - 


e PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBo-7. The address 
of this register is XXXXX010. 


© PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 


INTERNAL DATA BUS 


READ PORT 


2 ; (1) OUTPUT MODE MULTIPLEXER (4) =1FOR OUTPUT MODE 
med to be either input ports, output ports or as control = lest fas des FE CONTROL = 0 FOR INPUT MODE 
‘signals for PA and PB by properly programming the READ PORT = (10/M=1) e (RD=0) e (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 


‘AD2 and ADs bits of the C/S register. WRITE PORT = (10/M=1) ¢ (WR=0) ¢ (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 


When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an Figure 8. 8155H/8156H Port Functions 
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Table 2. Port Control Assignment 


Py-Pips oc. ALT-1 ALT 2 ALT 3 ALT 4 


Input Port Output Port 


Input Port Output Port A BF 
Input Port Output Port 
Input Port Output Port 
Input Port Output Port 
Input Port Output Port 


Note in the diagram that when the 1|/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the 8155H/8156H are ‘“‘glitch-free’’ meaning 
that you can write a “1” to a bit position that was previ- 
ously “1” and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded ° 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155H/56H 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


_ Figure 9 shows how the 8155H/8156H I/O ports might be 
_ configured in a typical MCS-85 system. 


TO 8085AH RST INPUT 


A INTR (SIGNALS DATA RECEIVED) 
A BF (SIGNALS DATA READY) 

A STB (ACKNOWL. DATA RECEIVED) 
B STB (LOADS PORT B LATCH) 

B BF (SIGNALS BUFFER IS FULL) 


B INTR (SIGNALS BUFFER 
READY FOR READING) 


8155H/8156H 


TO/FROM 
PERIPHERAL 
INTERFACE 


PORT-C 


TO INPUT PORT (OPTIONAL) 


TO 8085AH RST INPUT 


Figure 9. Example: Command Register = 00111001 


A INTR (Port A Interrupt) 


A STB (Port A Strobe) 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
B INTR (Port B Interrupt) 
B BF (Port B Buffer Full) 
B STB (Port B Strobe) 


(Port A Buffer Full) 


Output Port 
Output Port 
Output Port 


TIMER SECTION 


The timer is a 14-bit down-counter that counts the TIMER 


IN pulses and provides either a square wave or pulse 


when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 


Be ae, pene a Wee, ois PE 
CS BS Be 
ESERIES | SENET aa rei 7 eR AE 


ASB OF CNT LENGTH | 


| Maes Cees ee ES paste ee ETE 
RSPR ER Paes SRE EE ae 


LSB OF CNT LENGTH 


TIMER MODE 


Figure 10. Timer Format 


There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 11. 


TIMER OUT WAVEFORMS: 


START 
COUNT 


; 


TERMINAL 


COUNT 


TERMINAL 
COUNT 


. SINGLE 
SQUARE WAVE 


. CONTINUOUS 
SQUARE WAVE 


. SINGLE 
PULSE ON 
TERMINAL COUNT 


. CONTINUOUS 
PULSES 


ams: 8 Ieee RU 4 Fea 3 


Figure 11. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TMo2 TM1 

0 0 NOP — Donotaffect counter operation. 

0 1 STOP — NOP if timer has not started; 
stop counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

1 1. START — Load mode and CNT length 


and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 


Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 12. 


NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 


The counter in the 8155H is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via the 
C/S register. 


Please note that the timer circuit on the 8155H/8156H chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one | 
of the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 


1. Stop the count 


2. Read in the 16-bit value from the count length registers 
3. Reset the upper two mode bits 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155H/56H always 
counts.out the right number of pulses in generating the 
TIMER OUT waveforms. 
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8085A MINIMUM SYSTEM CONFIGURATION 


Figure 13a shows a minimum system using three chips, 
containing: 


256 Bytes RAM 
2K Bytes ROM 
38 I/O Pins 

1 Interval Timer 
4 Interrupt Levels 


8085 MINIMUM SYSTEM CONFIGURATION | 


ie) 
r 
xz 


fl 
[ 


RESET 


Pia 
_ LATCHES 
ONTROL 


8355 |ROM + 1/O| 
rel OR 
8755A [PROM + 1/O] 


Figure 13a. 8085AH Minimum System Configuration (Memory Mapped 1/O) 
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8088 FIVE CHIP SYSTEM 

Figure 13b shows a five chip system containing: 
e 1.25K Bytes RAM 

® 2K Bytes ROM 


qo. 
GND 
“MANUAL ea 
Gnp ” RESET Teen 
(Vss) @) 


irons heer aki ae te eee 
BN 


® 38 1/0 Pins 
@ 1 Interval Timer 


e 2 Interrupt Levels 


1O/M TIMER 
reser OV? 


Vss Voc Vop 


cae | ee 


Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- - 


Temperature Under Bias ................ 0°Cto +70°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 
With RespecttoGround .......... ..... 70.5V to +7V mum rating conditions for extended periods may affect 
WONG EFSSIOGUON: 905 5.0 i oN oot eek hos » Ides 1.5W device reliability. 


* D.C. CHARACTERISTICS (1, = 0°C to 70°C, Veg = 5V = 10%) 


Output Leakage Current 
Vcc Supply Current 


Chip Enable Leakage 
8155H 
8156H 


8155H/8156H 


eae Valid Data Out Delay from READ Control 
Rota. oe Address Stable to Data Out Valid 


Latch Enable Width 


| tror __| Data Bus Float After READ 


READ/WRITE Control to Latch Enable 


aa 

[tcc | READIWRITE Control wioty 
[tow | Data n to WRITE Set Up Time 
wo | Baten Hold Time After WRITE 
[ atew «| Sieota Tine Bip Corel 
wet [wmrtewrntem 
[je | hchhinntine 
ke Co 
ane 
Poe ieedetay 
eo eae 
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A.C. CHARACTERISTICS (Continued) (Ty = 0°C to 70°C, Veg = 5V +10%) 


a 

[-Symbet [Parameter | Sim “| ~Max | Min. | Max | Unite 

a a OS ee ee 

[tess [Port Setup Tine ro SrobeSeane «| wm fd) 

[eis [Por Hots Tine ater sabe ——~4t_ of «Yao 

Fiese | Stew Better Emmy 

[ner [WATE to ButerFon iY 

fm [wanewnneon 

Tre | TIMER.INo TIMEOUT iow «tid; 

Pw [TIMERIN wo TIMERGUT Hien | «| OO 
pc meeeee 
ek Gas 
me oe 


Data Bus Enable from READ Control 
TIMER-IN Low Time 
TIMER-IN High Time 


_ A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4 
DEVICE 


UNDER 
TEST 


2.0 


Cc. = 150 pF 


0.8 


oo TEST POINTS e 


0.45 
1 

C, = 150 pF 

C, INCLUDES JIG CAPACITANCE 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FORALOGIC 1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FORA LOGIC °1 
AND 0.8V FOR A LOGIC “0.” 


WAVEFORMS 
READ | 


CE (8156H) Be ee ey : 
} 


Sarre cramer Saga ae 
AD, 7 ADDRESS 4 XX DATAVALID }) 


<—— ty), ——> —t ,»—— 


ALE 


. 
tc¢ ——_—> + — tay ———_—> 
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WAVEFORMS (Continued) 


oe 
faponess 


ADDRESS 


<——— tt, ——~ ——_—_— tt¢ —— 


STROBED INPUT 


INPUT DATA 
FROM PORT 
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WAVEFORMS (Continued) 


STROBED OUTPUT 5 


BF 


STROBE 


twer 


INTR 


OUTPUT DATA 
TO PORT 


BASIC INPUT 


RD 


aa 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


TIMER OUTPUT COUNTDOWN FROM 5 TO 1 


LOAD COUNTER FROMCLR ——® RELOAD COUNTER FROMCLR —+ 


| 2 | 1 5 4 | 3 | 2 | 1 5 
—— it, — —— e| 2 
TIMER IN 
t, ae —— >| ti — 
=—-— tcyc aE cr 
TIMER OUT \ / 
(PULSE) oo Ctr ug 


en” 


——» | TL ttH 


TIMER OUT \ / 
(SQUARE WAVE) \ (NOTE 1) / 


Se af 
ea tTh - i nea 


NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 
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256 Word x 8 Bits 

Single +5V Power Supply 
Completely Static Operation 
Internal Address Latch 

2 Programmable 8 Bit I/O Ports 


2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 


1 Programmable 6-Bit 1/O Port 


Programmable 14-Bit Binary Counter/ 


Timer 
Compatible with 8085A and 8088 CPU 


=m Multiplexed Address and Data Bus 


40 Pin DIP 


The 8155 and 8156 are RAM and 10 chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion 
is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and the 


5 MHz 8088 CPU. 
The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 


- pins, thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. : 


256 X 8 
STATIC 
RAM 


*: 8155/8155-2 = CE, 8156/8156-2 = CE 


Figure 1. Block Diagram 
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PC, 

TIMER IN 
RESET 

PC, 

TIMER OUT 
10/M 

CE OR CE* 
RD 


oon OO oO F&F WH = 


aS 8155/ 
WR 8156 
ALE 


ADy 
| AD, 
AD, 


8155-2/ 
8156-2 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 
: Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ................ 0°Cto +70°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 

With RespecttoGround ............... -0.5V to +7V mum rating conditions for extended periods may affect 
SaeNan ME MUCRUSMEMOUD S15 cw 5.5 aioe piace os nee bee x dp 1.5W device reliability. 


D.C. CHARACTERISTICS (ty, =0°C to 70°C; Voc = 5V + 5%) 


SYMBOL| PARAMETER SMA UNITS TEST CONDITIONS 


Input Low Voltage 


MIN, 


Output Leakage Current 
Vec Supply Current | 


V 
| 


1. (CE) 


Chip Enable Leakage 


8155 | pA OV <Vin < Voc 
8156 pA 
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AC. CHARACTERISTICS (Ta = 0°C to 70°C; Veg = SV + 5%) 


8155/8156 8155-2/8156-2 
SYMBOL | PARAMETER 


Cmax [MN 
i SS 

| see 
eee 

Le 


. 


Mv 
ze 
oy 
100 
mag 
rae 
[tate Enabiewisth «YOO 
ik. =a 
= 
180 
a 
[300 
ae 
oe | 


READ/WRITE Control to Latch Enable 
READ/WRITE Control Width 
Data In to WRITE Set Up Time 


Data In Hold Time After WRITE 
Recovery Time Between Controls 


tAL 
tLa 
tLe 
ToL 
teL 
tcc 
tow 
two 
trv 
twp 


WRITE to Port Output 


Port Input Setup Time 70 


70 
0 


1 


oe 
Se 
cae 
ea 
200 
100 
ase 
200 
spk 
are 
or imme Sl wr 
<a aeee, Hone °C ae Rage RAR ET ots SS 
a amen me mee 
SO ee es 
pw eewene 0 ee 
[oe (een St et 
was __| Port Setup Time to Swabs Svabe «| | «de 
[sre wo Buiter Empty 
[WRITE to GutterFun ——SsSC~iSCSC‘“zC OO 
yemnor ae 
TIMER-INo TIMEROUT iow | —Sid?Cawo | 
riven roTIMERGUT Han |i oo 
ee ee 

IN Low T ee she 

nT 


twi 
tte 
{TH 


. trode Data Bus Enable from READ Control 
ty TIMER-IN Low Time 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
UNDER 
TEST 


. TEST POINTS xs 


C, = 150 pF 
08 > 0.8 5 q 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FORA LOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1" 
AND 0.8V FOR A LOGIC “0.” C, = 150 pF 


C, INCLUDES JIG CAPACITANCE 


” 
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8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS-85" 


= Multiplexed Address and Data Bus m Low Standby Power Dissipation 
= Directly Compatible with 8085A 

and iAPX 88 Microprocessors a Single SV Supply 
= Low Operating Power Dissipation @ High Density 18-Pin Package 


The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and 
iAPX 88 microprocessors to provide a maximum level of system integration. 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 
{ 
The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085A-2 and the 5 MHz iAPX 88. 


1K x8 
DATA 
‘S RAM 
Biter aren MEMORY 
ARRAY 
: ADp-AD7 | ADDRESS/DATA LINES 
ADDRESS 
CHIP ENABLE (i0/M) 
Ag, Ag riches CHIP ENABLE 
ALE ADDRESS LATCH ENABLE 
WRITE ENABLE 
Figure 1. Block Diagram . Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 


At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CE; and 
CE? are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE; and CE are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
Signal input is activated. 


The CS input is not latched by the 8185 in order to aliow 
the maximum amount of time for address decoding in ee WR 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CEi and CE2 are ia a Fh 
activated selectively to power down the 8185 when itis not ed bow EB bee Sik DATA/ 
in use. A possible connection would be to wire the 8085A's Societe a tas, 
1O/M line to the 8185’s CE; input, thereby keeping the Eakohe kes 
8185 powered down during I/O and interrupt cycles. Res 
Table 1. at iow 
Truth Table for ee RD 
- Power Down and Function Enable Asse we ALE 
CE 


BERG. 
WE Ss ee 
i RDY 
Vss Vec Vo PROG 
NOTES: 
X: Don’t Care. 


1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CE1 = 0) « (CE2 = 1) « (CS = 0) 
CS* = 1 signifies all chip enables and chip select active Bees 


Table 2. CP tare re nas 


Truth Table for 
Control and Data Bus Pin Status 


ADo.7 During Data Se oe 

Portion of Cycle /|8185 Function min 
| 1 | 0 | 1 [Data from Memory Figure 3. 8185 in an MCS-85 System 
| 1 | 1 | 0 |DatatoMemory |Write 

: : 4 Chips: 
Hi-Impedance Reading, but not: 2K Bytes ROM 
Driving Data Bus 1.25K Bytes RAM 

NOTE: 38 1/0 Lines 
¥-= Don't Gare. 1 Counter/Timer “ 


2 Serial |/O Lines 
5 Interrupt Inputs 
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Intel 8185/8185-2 ean 
iAPX 88 FIVE CHIP SYSTEM: 
° 1.25 K Bytes RAM 
e 2K Bytes ROM 
e 38 I/O Pins 
e 1 Internal Timer 
e 2 Interrupt Levels 
1O/M TIMER 
: nese OUT 
ADDR 
ADDR/DATA x. 
as 
batt 
Vec 
| : ie 
‘ ea ied ee ha i iS eer 
‘. ; WEL 
GND 
| ‘MANUAL a Bee a 
eb RESET reel 
(Vss) @) 4 & 
Shee 
Sera er eal Meee a 
aig Galen es Se oe 
oui 
Vss.~ “Vee 
Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings’”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


‘Temperature Under Bias .............. 0°C to +70°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

with Respect to Ground .............. -0.5V to +7V rating conditions for extended periods may affect device 
PI TD AUOD ooh ons ea Rag oivs bo 6 oie Aiea 1.5W reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = 5V + 5%) 


[Symbot [Parameter Unite 
waae! 
a 
er 


Min 

Pe 

aoe 

[Vor | Output Low vottage SiC 

[Vou | Output High vonage Sid’ Cea 
a -— 


Vcc Supply Current 
Powered Up 


Powered Down 


8185 
Parameter 
et obs Address to Latch Set Up Time 
| tta | _ Address Hold Time After Latch 
| ttc. | _ Latch to READ/WRITE Control 100 
| trp —_| Valid Data Out Delay from READ Control 
| tio. ~—s|. ALE to Data Out Valid 
Latch Enable Width ; 100 
150 
10 


| Min 

i eee 
Se | 

a 

a gee 

i pte 
t= 5] 

| taor | DataBus Float AfterREAD | 
ee 

I es Oo 

i es ee | 
cageee «J 

eee 

ae 

pee 2,1 

eee 


| tec ~——« |. READ/WRITE Control Width 
| tow _|_ Data In to WRITE Set Up Time 
| two ‘| Data In Hold Time After WRITE 


tAL 
tLa 
tLc 
tLD 
tcc 
tow 
two 
tsc 
tcs 


Be otQB Chip Select Hold Time After Control 
tALCE Chip Enable Set Up to ALE Falling 
Chip Enable Hold Time After ALE 


Perastaoas <4 Chip Select Set Up to Control Line 


2-48 AFN-01230C 


Yo Saget OS Sad Sy, ae el ee 8 A vs | : i 6 Ey ahh is 
es ci Og % . : 
c= 12y_s : ‘ 


=F 


Pe ee a 


AS: Si aie gti Se Opto kt ee a OPN? ORY Re As 
as : : See we) > . 


intel : 8185/8185-2 er: 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


DEVICE 
UNDER 
TEST 


ee TEST POINTS a8 


- 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 


A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


ion = 150 pF 
C, INCLUDES JIG CAPACITANCE 


WAVEFORM 


taLceE ——> 


a —e =a=e ee eee eee coe 
4 e DATA OUT ; (READ CYCLE) 
L , 


—_—aE_ EE Eee ee ee a 
tLD 


tow : 
ADDRESS ae 4 WRITE DATA ) (WRITE CYCLE) 


(SELECTED) (DESELECTED) 
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8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 


Low Input Load Current — 25 mA 


= 1/O Port or Memory Selector _ & 
# Simple Expansion — Enable Inputs pees 1/6 slancate Tt Input Load 
‘ 7 | : # Minimum Line Reflection — Low 
® High Speed Schottky Bipolar Voltage Diode Input Clamp 
Technology — 18ns Max. Delay Outiuke Shak 10 mAGHA 
=» Outputs Si j 
= Directly Compatible with TTL a 4 sai Hujalsinine-Ge thine er 


Circuits Plastic Package 


The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low, thus asingle row 
of amemory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 


The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
‘results in higher performance than equivalent devices made with a gold diffussion process. 
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Figure 1. Logic Symbol Figure 2. Pin Configuration 
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- FUNCTIONAL DESCRIPTION 


Decoder 


The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 


For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 


Enable Gate 


When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. ‘The three 
enable inputs (E1, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active “high’’ and active “‘low’’ device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 
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DECODER 


ENABLE GATE 


Figure 3. Enable Gate 
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8205 


Applications of the 8205 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. |/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, $1, S2) of the 8008 CPU. 


0 PORT DECODER 


Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 


(3). Each input has a binary weight. For example, AO is as- | 


signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 


This circuit can be used to generate enable signals for !/O 
ports or any other decoder related application. 


Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 


CHIP SELECT DECODER 


Using a very similar circuit to the 1/O port decoder, an ar- 


EN 


PORT 
12 | NUMBERS 


EN 


EN 


Figure 4. 1/O Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 


The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 2708s and 2114As are devices 
typically used for this application. This type of memory 
device has ten (10) address inputs and an active “low” 
chip select (CS). The lower order address bits AQ-A9 
which come from the microprocessor are ‘“‘bussed”’ to all 
memory elements and the chip select to enable a specific 
device or group of devices comes from the array of 8205s. 
The output of the 8205 is active low so it is directly compat- 


_ ible with the memory components. 


Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to ‘write’ or 
“read’’ data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits AO-AQ identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 


This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 


TO ‘ 
re, SCR SSE 


Basi cs, 
CS, 
CS, 
Aig CS, 
Ars CS, 
Vec cs, 
cs, 
CS, 
CS15 
S11 CHIP 
____ eg | SELECTS 


Figure 5. 24K Memory Interface 
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ABSOLUTE MAXIMUM RATINGS* : 


“NOTICE: Stresses above those listed under “Absolute Rigs ie 

Temperature Under Bias: Maximum Ratings” may cause permanent damage to the 

ROTOMIC Vis ois SF at 2 —65°C to +125°C device. This is a stress rating only and functional opera- - 

PO alan gio gat «sis % § ngs eke —65°C to +75°C_ tion of the device at these or at any other condition above 
Storage Temperature ............... —65°C to +160°C_ those indicated in the operational sections of this specifi- 
All Output or Supply Voltages ........ —0.5 to +7 Volts cation is not implied. Exposure to absolute maximum 
All Input Voltages .................. —1.0 to +5.5 Volts rating conditions for extended periods may affect device 
8 SN SES gy ae ar a oe a 125 mA reliability. 3 } 


D.C. CHARACTERISTICS (Ta = 0°C to +75°C, Voc = 5V +5%) Seis 


Test Conditions 


OUTPUT “LOW” VOLTAGE —_ 
~ OUTPUT HIGH VOLTAGE 
INPUT “LOW” VOLTAGE 

INPUT “HIGH” VOLTAGE _ 


~ OUTPUT HIGH SHORT 


= 
= ADDRESS OR ENABLE TO 
t OUTPUT DELAY 
+e 
Cy'li | INPUT CAPACITANCE P8205 f= 1 MHz, Voc = OV 
C8205 5(typ.) Veias = 2.0V, Ta = 25°C 
1. This parameter is periodically sampled and is not 100% tested. 
TYPICAL CHARACTERISTICS 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 
100 : : ! J 
: 
a = oO 
: : 
c 3 cad 
Land e > 
& = 3 
: : 
0 2 4 6 8 10 0 10 2.0 3.0 40 50 0 2 4 6 8 10 12 14 16 18 20) ee 
OUTPUT “LOW” VOLTAGE (V) OUTPUT “HIGH” VOLTAGE (Vv) INPUT VOLTAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


10 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 
ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


o 


0 50 100 150 200 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 


SWITCHING CHARACTERISTICS 


TEST LOAD 


CONDITIONS OF TEST: TEST LOAD: 


Input pulse amplitudes: 2.5V 


input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


| i 
|, yy. << —z| I if a 


Le ae 


PBSC SSF FFF 22 22H eee e2e2224 


OUTPUT 


eeeeneooane2annanea d iTrrrrtrtrtrrrteteellOCLlrT 


LLL LL LLL sss sls lls SSS sss 


2-54 ; AFN-00204C 


8212 
8-BIT INPUT/OUTPUT PORT 


= Fully Paraliel 8-Bit Data Register and Buffer m= Asynchronous Register Clear 


Service Request Flip-Flop for a Replaces Buffers, Latches and 
Interrupt Generation Multiplexers in Microcomputer 


Low Input Load Current — .25mA Max. Systems : 

Three State Outputs | = Reduces System Package Count 
Outputs Sink 15mA a Available in EXPRESS 

3.65V Output High Voltage for - Standard Temperature Range 
Direct Interface to 8008, 8080A, or - Extended Temperature Range 
8085A CPU | 


The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection © 
‘logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


SERVICE REQUEST FF 


SR 
eS eee 
[13> os2 ipa. (ACTIVE LOW) 
[2> mo 
2 aos 6 Sega 
fit> sts 5 


| BUFFER 


| 
Ir | 
> 01, whe fy 00} [4> 
DATA LATCH | CR i | 


D0! D 
[E>di2 Re 


G> 013 


[9> D1, caf fs | 004 [o> 
> OR | 
| .. fr | 

fié> Di, O > ) D0, [15> 

CR 

3 ue 

[s> 016 1° Q > 00¢ [17> 
; Cp | 

BO> 01, : Fe fs : bo, {>> 
| malls | 

[22> D1, oat | >+ 00g [21> 
sacemgme ne 
Gs> ce (ACTIVE at F ei eve yn * 

Figure 1. Logic Diagram 7 Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
Data Latch 


_ The 8 flip-flops that make up the data latch are of a “D” 


type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 


The latched data is cleared by an asynchronous reset 


input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 


' Output Buffer 


The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 


The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 


Control Logic 


The 8212 has control inputs DS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 


DS1, DS2 (Device Select) 


These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 - DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 


MD (Mode) 


This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 


When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 + DS2). 


When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS1- DS2) and 
the source of clock (C) to the data latch is the STB 
(Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch for the 
input mode MD = QO) and to synchronously reset the 
service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


2-56 


Service Request Flip-Flop 


The (SR) flip-flop is used to generate and control 
interrupts in. microcomputer systems. It is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an: 


inverting input of a “NOR” gate. The other input to the 
“NOR” gate is non-inverting and is connected to the 
device selection logic (DS1 - DS2). The output of the 
“NOR” gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 


SERVICE REQUEST FF 


4 
DEVICE SELECTION OQ 
Ne SR 
‘Say ae $5 
ae Ps" 123 EE ee: iNT [23> 


[>> ds2 aye (ACTIVE LOW) 
bs EN 
~~ oe 
> ie oe wR 
[> stB ihe Se =f ~~ )-eureut 
| | BUFFER 
[33> D1, qe Q a DO, 
DATALATCH | alt | 
E>o1, | “+f 0 SF verte 
aiilg 
=e 
[7>Dd13 ‘ be | 003 [8 > 
(=: 
[2> 014 | P+ 004 [o> 
‘; ‘ 
| pat : 
file> Og he > | 00s [15> 
| | cal | 
Beau 
[18> 01g | tee & D0, [17> 
| ie a | 
20> 01, ae fy | bo, {i> 
pe 
: | 
[22> D1, gh i 5 + 008 [21> 
Cc 
Ea Se 
ID eamereonerce sos UF Si 
{ 
: fe So etna) 
STB MD  (DS;-0S2) _ DATA OUT EQUALS | CLR  (DS;-DS)) STB °SR [ INT | 
o 0 0 | 3STATE 8 i a aa ac) 
4.9 0 3-STATE th gee ; 
Oe a 504 8 "DATA LATCH ; ‘ 
Rs 0 DATA LATCH ox 
usp 1 DATA LATCH ee 
aay + 0? DATAIN yee. 
oe ob oe. 1 DATA IN a] “INTERNAL SR FLIP-FLOP | 


CLR — RESETS DATA LATCH 
SETS SR FLIP-FLOP 
(NO EFFECT ON OUTPUT BUFFER) 
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*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias Plastic ....... 0°C to +70°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +160°C those indicated in the operational sections of this specifi- 
All Output or Supply Voltages ........ -0.5 to +7 Volts cation is not implied. Exposure to absolute maximum 
Al input Voltages. = SAei oe. wsc ke... -1.0 to 5.5 Volts rating conditions for extended periods may affect device 
RPNMUREEE TMC ORGS: Biol gb 4 4a shoo nag se oe ne saan andes 100mA reliability. 


D.C. CHARACTERISTICS. (T,=0°C to +75°C, Vec= +5V + 5%) 


ae] on ici a wee 


| Max. 
ao mA Ve = .45V 


Symbol Parameter 


Input Load Current, ACK, DS2, CR, 
Dli-Dlg Inputs 


input Load Current MD Input 


Input Leakage Current, ACK, DS, CR, 
[im | Input Leckage Current MO input | | | 90 | uA [VA <Vco 
Gime 2 | input High’ Votags BO ey Me ee 
[isc | Short Circuit Output Current (| 18 | | -78 | mA |Vo=OV,Voo=8v__| 
a Fa 
. Impedance State uA |Vo = .45V/5.25Vcc 


CAPACITANCE* (F = 1Mbz, Vgias = 2.5V, SWITCHING CHARACTERISTICS 
Veco = +5V, Ta = 25°C) 

si 

| Typ.|Max. 

CIN DSi MD Input Capacitance 
CIN DSo, CLR, STB, Dl,-Dlg 

input Capacitance 5pF | 9pF . 

Cout |DO1-DOg Output Capacitance 


“This parameter is sampled and not 100% tested. 


Conditions of Test 


Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load 


4 


NOTE: 


A.C. TESTING LOAD CIRCUIT | tpp, twe, tr, ts, tc 
te, ENABLE! 


te, ENABLE | 
te, DISABLE? 


DEVICE te, DISABLE! 


*Includes probe and jig capacitance. 


C, INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS (Ts = 0°C to +70°C, Voc = +5V + 5%) * 


Limits 
Parameter 


Tteo | Date to Output Delay 
[awe | Wirite Enable to Output Delay 


| Min. 
ee Oe 
ie 
Dae 
Data Hold Time he 20 Si 
oe 
eee 
aes 
ae 


Rite ono Reset to Output Delay 
Pte wre Set to Output Delay 
| te _| Output Enable/Disable Time 


Clear to Output Delay 


*Note: For extended Temperature EXPRESS use M8212 AC Electricals Parameters. 
APPLICATIONS 


Basic Schematic Symbols 


Two examples of ways to draw the 8212 on system schematics—(1) the top being the detailed view showing pin numbers, 
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing 
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines. 


INPUT DEVICE OUTPUT DEVICE 


(DETAILED) 


INPUT 
STROBE 


OUTPUT 
FLAG 


SYSTEM 


Vec 
1 
INPUT ae 


2 
INT CLRIO 


SYSTEM 
OUTPUT 


(SYMBOLIC) 


GND DATA BUS DATA BUS Vec 


Figure 3. Basic Schematic Symbols 


Gated Buffer (3-State) 


The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic 
DS1 and DS2. 


When the device selection logic is false, the outputs are 3- 
state. 


INPUT 
DATA 
(250 pA) 


OUTPUT 
DATA 
(15mA) 
(3.65 V MIN) 


When the device selection logic is true, the input data from et ey | 
the system is directly transferred to the output. The input (DS1-Ds2) 
data load is 250 micro amps. The output data can sink 15 

milli amps. The minimum high output is 3.65 volts. Figure 4. Gated Buffer 


2-58 AFN-00731G 


Ren va SR ce gS é I, Bi ee Ba got eh BAe OM Cae 1) why re af 


Intel gga 


Bi-Directional Bus Driver 


A pair of 8212’s wired (back-to-back) can be used as a 

symmetrical drive, bi-directional bus driver. The devices 

are controlled by the data bus input control which is 

connected to DS1 on the first 8212 and to DS2 on the 

second. One device is active, and acting as a straight 

through buffer the other is in 3-state mode. This is a very 
useful circuit in small system design. 


DATA BUS 
CONTROL 
(O= L ~ R) 
(t=R—~L) 


Figure 5. Bidirectional Bus Driver 


interrupting Input Port 


This use of an 8212 is that of a system input port tha 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto the data bus. 


DATA | 
INPUT BUS 
STROBE 


SYSTEM 
INPUT 


SYSTEM 
RESET 


PORT 
SELECTION 


ELE TO PRIORITY CKT 
(DS1-Ds2) 


(ACTIVE LOW) 


TO CPU 
INTERRUPT INPUT 


Figure 6. interrupting Input Port 


5 
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interrupt Instruction Port 


The 8212 can be used to gate the interrupt instruction, 
normajly RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 


RESTART 
INSTRUCTION 
(RST 0 — RST 7) 


(DS!) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 


Figure 7. Interrupt Instruction Port 


Output Port (With Hand-Shaking) 


The 8212 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand-_ 
shaking signal such as “reception of data” from the device 
that the system is outputting to. Itin turn, can interrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.(DS1- DS2) 


DATA 
BUS 
OUTPUT STROBE 


SYSTEM OUTPUT ' 


SYSTEM RESET 


PORT SELECTION 
SYSTEM + (LATCH CONTROL) 


INTERRUPT } (DS1-DS2) 


Figure 8. Output Port 
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808A Status Latch 


Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the 8212. 


DATA 


STATUS 


0 
D 
| Se ES 8 - 
| SEMAINE | : 
<a a 2 of [DATA Bus 
| SEND SB Bs : 
Pp ee ‘i 
4 COREA OR BBE aE < 
STATUS 
LATCH 
INTA 
wo 
STACK 
HLTA 
OUT 
M4 BASIC 
CONTROL 
INP BUS 
CLOCK GEN. MEM 
& DRIVER 
DBIN 


Note: The mode signal is tied high so that the output on the 
latch is active and enabled all the time. 


it is shown that the two areas of concern are the bi- 
directional data bus of the microprocessor and the control 
bus. 
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TYPICAL CHARACTERISTICS se 
=4 
INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE : 
100 
80 
Z : 
A eas 
id cx 
x cx 
5 =) 
ra} oO 
& ae 
: 
i ro) 
20 
A 
0 e 
INPUT VOLTAGE (V) OUTPUT “LOW” uni Fact (Vv) 2s 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY ; ex 
OUTPUT “HIGH” VOLTAGE vs. LOAD CAPACITANCE ¢ Sa 
y 4 
E a 
a =| 
3 5 
: 5 
3 5 Pt 
- ° 
° 
E 2 
° q 
(a) 
Regt 3 1.0 2.0 3.0 4.0 5.0 
OUTPUT “HIGH” VOLTAGE (V) LOAD CAPACITANCE (pF) 
4, 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 
= = 
z = 
Ww 
3 : . 
3 5 
8 
6 wi E 
Cc 
= ‘ 
TEMPERATURE (°C) TEMPERATURE (°C) 
“a 
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WAVEFORMS 


DATA 


STB or DS4 » DS2 


OUTPUT 


DS; e DS2 


DATA 


STB or DS « DS 


OUTPUT 


STB 


DS; e DS2 
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8216/8226 
~4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


= Data Bus Buffer Driver for 8080 CPU 


= Low Input Load Current — 0.25 mA 
Maximum 


ws High Output Drive Capability for 
Driving System Bus 


ws 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 


w 3-State Outputs 
w Reduces System Package Count 


= Available in EXPRESS 
- Standard Temperature Range 


The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the . 
DO outputs provide a high 3.65V Voy, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Io, capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 


tions for buffering in microcomputer systems. 


*Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 


DIEN C DIEN O 


Figure 1. Block Diagrams 


DATA BUS 
DyOl, | DATA INPUT 
DATA OUTPUT 


DATA IN ENABLE 
DIRECTION CONTROL 


Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 


The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 


Bidirectional Driver 


Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, !/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
. special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 


Control Gating DIEN, CS 


The CS input is actually a device select. When it is ‘‘high”’ 
the output drivers are all forced to their high-impedance 
state. When it is at ‘’zero’’ the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 


The DIEN input controls the direction of data flow (see 
Figure 3) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 


_ The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 


Figure 3b. 8226 Logic Diagram 


i, 
. 


AFN-00733C 


: 


: intel | 8216/8226 


_ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 


Temperature Under Bias ............. 0°C to 70°C device. This is a stress rating only and functional opera- 
; Storage Temperature ............ -65°C to +150°C tion of the device at these or any other conditions above 
All Output and Supply Voltages. .... . . -0.5V to +7V those indicated in the operational sections of this specifi- 


cation is not implied. Exposure to absolute maximum 
All Input Voltages ............... -1.0V to +5.5V rating conditions for extended periods may affect device 
DEPT OINTS ioe en's 2 a Rk oo eo weet 125 mA reliability 


D.C. CHARACTERISTICS (tT, = 0°C to +70°C, Voc = +5V + 5%) 
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Limits 
Parameter Min. Typ. 


eee Input Load Current DIEN, CS 


-0.0 


[oe] 


[ta _| Tamu Leokoge Curent STEN, OS 
[tee | tut Leakage Current Dt Inputs 


Vit Input ‘‘Low” Voltage 


Vin Input ‘‘High’’ Voltage 


Output Leakage Current DO 
(3-State) DB 


med 


Vo = .45V/5.25Vcc 


V DO Outputs Io,=15mA 
DB Outputs Io, =25mA 


DO Outputs Vo = OV, 
DB Outputs Voc =5.0V 


V 
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> 


| Vv O a Vol ih 
utput ‘‘Low” Voltage 
OL2 p g 8226 


Output “‘High’’ Voltage 
Output ‘‘High” Voltage 


ee Output Short Circuit Current 


NOTE: 
Typical values are for Ta = 25°C, Vcc =5.0V. 
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intel nae, fe 8216/8226 Ge = eos 
CAPACITANCE!) (Vaias = 2.5V, Voc =5.0V, Ta = 25°C, f = 1 MHz) 


eos a 


Input Capacitance 


Output Capacitance 


A.C. CHARACTERISTICS (1 = 0°C to +70°C, Voc = +5V + 5%) 


| 

oe ae ee 

2 Tp Input to Output Delay DO Outputs C, =30pF, R;,=30022 
R2=60022 5 


Tpp2 Input to Output Delay DB Outputs 


C, =300pF, R;=902 


Output Enable Time 


NOTE: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 


NOTES: 

1. Typical values are for Ta = 25°C, Vcc = 5.0V. 

2. DO Outputs, Cy = 30pF, Ry = 300/10 K2, R2 = 180/1K2; DB Outputs, Cy = 300pF, R, - = 90/10 K2, Ro = 180/1 KO. 
3. DO Outputs, Cy = 30pF, Ry = 300/10 K2, R2 = 600/1K; DB Outputs, Cy = 300pF, Ry = 90/10 KQ, R2= 180/1 K. 

4. DO Outputs, C, = SpF, Ry = 300/10 K2, Rz = 600/1 K2; DB Outputs, me? 5pF, Ry = 90/10 KQ, R2 = 180/1 KQ. 

5. This parameter is periodically sampled and not 100% tested. 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


Ro 
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8218/8219 
BIPOLAR MICROCOMPUTER BUS 
CONTROLLERS FOR MCS-80®° AND MCS-85® FAMILIES 


= 8218 for Use in MCS-80° Systems = Reduces Component Count in 


= 8219 for Use inMCS-85® Systems Multimaster Bus Arbitration Logic 
= Coordinates the Sharing of a Common = Single +5 Volt Power Supply 
Bus Between Several CPU’s = 28 Pin Package . 


The 8218 and 8219 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface with other masters on a common bus, sharing memory and I/O devices. The 8218 and 8219 
consist of: 


1. Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing 
a common bus. 

2. Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 

’ - command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals 
to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 


bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 


BUSY 
BCR1 BREO 
ic ap INIT [91 28 LJ Vcc 
BPRN 
BUS ARBITRATION : N.c. [1 2 271 ]OVRD 
RSTB ee BPRO aSTB 
xsTR[] 3 26 [_] RSTB 
ADEN INIT XCP 25 1] BCR1 
OVRD BCLK xev O15 24 DE) 
(A) C6 23 [-] BPRO 
Pee ae “ee in 
8/8219 oak 
c/s J BR 
DLYADJ ; a ie 
(oD) C9 20 [-] BCLK 
ANYR [] 10 19 [-] ADEN 
TO THE Roo (11 18 [-) BUSY 
BUS cs XSTR TIMING LOGIC BE 70 SHE eee 
MASTER BUS MRDG 17 LJ iowc 
CP ioRC (] 13 16 [_] MWTC 
GND [I] 14 15 [J DLYADy 
XCY 
ANYR 8218 821 
(A) TOWR 10/M 
(A) MRDC (B) MWTR WR 
(Cc) ORR RD 
(B) MWTC a 
OUTPUT DRIVE LOGIC (D} MRDR = ASRQ 
(C) ioRG (E) BCR2 BCR2 
(D) iOwc 
RDD N.C. = NO CONNECT 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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8218/8219 


Table 1. Pin Description 


ee interfaced Directly to the System Bus 


Name and Function 


Bus Request: The Bus Request is used 
with a central parallel priority resolution 
circuit. It indicates that the device needs to 
access the bus for one or more data trans- 
fers. It is synchronized with the Bus Clock. 


2) 
zi 
m 
3 


w 
Cc 
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< 


/O | Bus Busy: Bus Busy indicates to all master 
devices on the bus that the bus is in use. It 
inhibits any other device from getting the 
bus. It is synchronized with Bus Clock. 


Bus Clock: The negative edge of Bus Clock 
is used to synchronize the bus contention 
resolution circuit asynchronously to the 
CPU clock. It has 100ns min. period, 35%- 
65% duty cycle. It may be slowed, single 
stepped or stopped. 


Bus Priority In: The Bus Priority In indi- 
Cates toa device that no device of a higher 
priority is requesting the bus. It is syn- 
chronous with the Bus clock. 


Bus Priority Out: The Bus Priority Out is 
used with serial priority resolution circuits. 
Priority may be transferred to the next lower 
in priority as BPRN. 


initialize: The Initialize resets the 8218/ 
8219 to a known internal state. 


Memory Read Control: The Memory Read 
Control indicates that the Master is request- 
ing a read operation from the addressed 
location. It is asynchronous to the Bus 
Clock. 


Memory Write Control: The Memory Write 
Control indicates that data and an address 
have been placed on the bus by the Master 
and the data is to be deposited at that loca- 
tion. It is asynchronous to the Bus Clock. 


/O Read Control: The I/O Read Control in- 
dicates that the Master is requesting a read 
operation from the |/O device addressed. It 
is asynchronous to the Bus Clock. 


5 : 
ib eek. Sia 


ae 
: D 
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1/O Write Control: The I/O Write Control in- 
dicates that Data and an I/O device address 
has been placed on the bus by the Master 
and the data is to be deposited to the |/O 
device. It is asynchronous to the Bus Clock. 


Signals Generated or Received by the Bus Master 


o 
E 
= 


Bus Control Request: Bus Control Re- 
quest 1 or Bus Control Request 2 indicate to 
the 8218/8219 that the Master device is mak- 
ing a request to control the bus. BCR2 is 
active low in the 8218 (BCR2). BCR2 is ac- 
tive high in the 8219. 


Request Strobe: Request Strobe latches 
the status of BCR1 and BCR2 into the 
8218/8219. The strobe is active low in the 
8218 and negative edge triggered in the 
8219. 


D 
a 
a4 
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Signals Generated or Received by the Bus Master 
(Continued) 


Name and Function 2) 


Address and Data Enable: Address and 
Data Enable indicates the Master has con- 
trol of the bus. It is often used to enable 
Address and Data Buffers on the bus. It is 
synchronous with Bus Clock. ~ 


Read Data: Read Data controls the direc- 
tion of the bi-directional data bus drivers. It 
is asynchronous to the Bus Clock. Ahigh on 
RDD indicates a read mode by the master. 


Override: Override inhibits automatic de- 
select between transfers caused by a higher 
priority bus request. May be used for con- 
secutive data transfers such as read- 
modify-write operations. It is asynchronous 
to the Bus Clock. 


Transfer Start Request: Transfer Start Re- 
quest indicates to the 8218/8219 that a new 
data transfer cycle is requested to start. It is 
raised for each new word transfer in a mul- | 
tiple data word transfer. It is asynchronous 
to the Bus Clock. 


Transfer Complete: Transfer Complete in- 
dicates to the 8218/8219 that the data has 
been received by the slave device in a write 
cycle or transmitted by the slave and re- 
ceived by master in a read cycle. It is asyn- 
chronous to the Bus Clock. 


Data Transfer: Indicates that a data trans- 
fer is in progress. It is asynchronous to the 
Bus Clock. 


Write, Read, 10/Memory: WRITE, READ, 
10/Memory are the control request inputs 
used by the 8085 and are internally decoded 
by the 8219 to produce the request signals 
MRDR, MWTR, IORR, IOWR. They are asyn- 
chronous to the Bus Clock. (8219 only) 


Asynchronous Bus Request: Can be used 
for interrupt status from the 8085. Acts like a 
level sensitive asynchronous’ bus 
request—no RSTB needed. It is asynchron- 
ous to the Bus Clock. (8219 only) 


Memory Read Request, Memory Write 
Request, I/O Read Request, or I/O Write 
Request: Indicate that address and data 
have been placed on the bus and the appro- 
priate request is being made to the ad- 
dressed device. Only one of these inputs 
should be active at any one time. They are 
synchronous to the Bus Clock. (8218 only) 


Any Request: Any Request is the logical 
OR of the active state of MRDR, MWTR, 
IORR, IOWR. It may be tied to XSTR when 
the rising edge of ANYR is used to initiate a 
transfer. 


Delay Adjust: Delay Adjust is used for con- 
nection of an external capacitor and resis- 
tor to ground to adjust the required set-up 
and hold time of address to control signal. 
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PRELIMINARY 


FUNCTIONAL DESCRIPTION 


The 8218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Master device: 8080, 
8085, 8257 (DMA).) 


The 8218 and 8219 serve three major functions: 


1. Resolve bus contention. 
2. Guarantee set-up and hold time of address/data lines 
to I/O and Memory read/write control signals 
| (adjustable by external capacitor). 
3. Provide sufficient drive on all bus command lines. 


Bus Arbitration Logic 


Bus Arbitration Logic activity begins when the Master 
makes a request for use of the bus on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clock (BCLK) the 8218/8219 
outputs a bus request (BREQ) and forces Bus Priority Out 
inactive (BPRO). See Figures 1a and 1b. 


BREQ is used for requesting the bus when priority is 
decided by a parallel priority resolver circuit. 


ADEN 


OVRIDE 


ASYNCH. 
REQUEST 


BPRO is used to allow lower priority devices to gain the 
bus when a serial priority resolving structure is used. 
BPRO would go to BPRN of the next lower priority Master. 


When priority is granted to the Master (alow on BPRN and 
a high on BUSY) the Master outputs a BUSY signal on the 
next falling edge of BCLK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 


At the same time BUSY goes active, Address and Data 
Enable (ADEN) goes active signifying that the Master has 
control of the bus. ADEN is often used to enable the bus 
drivers. 


The Bus will be released only if the master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 


Provision has been made in the 8218 to allow bus- 
synchronous requests. This mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure 3a. 


SYNCH. 
REQUEST 


PRIORITY 


Figure 3a. 8218 Bus Arbitration Logic 
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Timing Logic 


Timing Logic activity begins with the rising edge of XSTR 
(Transfer Start Request) or with ADEN going active, 
whichever occurs second. This action causes XCY 
(Transfer Cycle) to go active. 50-200ns later (depending on 
resistance and capacitance at DLYADJ) the appropriate 
Control Outputs will go active if the control input is active. 


XSTR can be raised after the command goes active in the 
Current transfer cycle so that a new transfer can be 
initiated immediately after the current transfer is 
complete. 


A negative going edge on XCP (Transfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive. 
50-200ns later (depending on capacitance at DLYADJ) 
XCY will go inactive indicating the transfer cycle is 
completed. 


Additional logic within the 8218/8219 guarantees that ifa 
transfer cycle is started (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (ANYR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus requests are generated 
but the processor enters a HALT mode. 


Control Logic 


The control outputs are generated in the 8219 by decoding 
the 8085 system control outputs (i.e., RD, WR, |O/M) or in 
the 8218 by directly buffering the control inputs to the 
control outputs for use in an 8080 or DMA system (see 
Figures @a and @b). The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 


The Control Logic also has two other outputs, ANYR (Any | 


Request) and RDD (Read Data). ANYR goes high (active) if 
any control requests (IOWR, etc.) are active. RDD controls 
the direction of the Masters Bi-directional Data Bus 
Drivers. The Bus Driver will always be in the Write mode 
(RDD = Low) except from the start of a Read Control 
Request to 25 to 70ns after XCP is activated. 


Figure 3b. 8219 Bus Arbitration Logic 


MRDR MRDC 
ORR “OUTPUT iORC 
. CONTROL 
MWTR MWTC 
iOwR iowc 
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CONTROL 
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CONTROL 
LOGIC 


CONTROL 
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Figure 4b. 8219 Control Logic _ 
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intel =  — sarees |§§ PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ...... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this specifi- 
Bumpy: VONAGE (VEC) <0... sik oe» wee utes o's -0.5V to +7V cation is not implied. Exposure to absolute maximum 
Input Voltage ......... sets! | -1.0V to Vcc + 0.25V rating conditions for extended periods may affect device 
REE VON 65 ir on 6'd chien «ic olececnls's ss 0's biele fae 100mA reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C; Vec = 5V + 5%) 


Limits 


Voc = 5.25V 
m 


Input Load Current —__ 
MRDR/INTA/MWTR/WR 
!ORR/RD, |OWR/IO/M A | Ve = 0.45V 
Pic saan RI ENE cece Pe Pe ee ee Sh 
Input Leakage Current 100 uA | Voc = 5.25 
Vr = 5.25 


VOL Output Low Voltage Voc = 4.75 
BREQ, BUSY 0.45 | 
XCY, ADD, ADEN Exe, Poa ey ene | 
BPRO, ANYR ae ERAGE AG 
VOH Output High Voltage 


All Other Outputs 29 Sees ae 


Cicer = on 

lo (OFF) | Tri-State Output Current Pee ee oe 
ae es a 
| Cin __| Input Capacitance Except Busy | | 10 | 20 |__| 


[tio [iourcareciancetuey | | a | a5 | oF | 


BRM Mh ee Se 
MRDC, MWTC, IORC, TOWG racks Ss 
a ae 


8218/8219 XSTR TO OUTPUT DELAY (Tscp) 


0 100 200 300 400 500 600 700 800 900 
OHMS 


One Shot Delay Versus Delay Adjust Capacitance And Resistance 
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‘A.C. CHARACTERISTICS (1% = 0°C to 70°C: Veo = 5V + 5%) 


Bus Clock Cycle Time 
Bus Clock Pulse Width 
| tras | RSTBto BCLK Set-Up Time | 25 | 


tscD , 
IOWC Delay 

txsw XSTR Pulse Width 

txcp | XCP to MRDC, MWTCG, IORC, 
IOWC Delay 


Pee 

tex [XSTR 10 KEY Deiey Sid 
XSTR to MRDC, MWTCG, IORC, he 

a a 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 


1.5 ~t—— TEST POINTS —®> 1.5 UNDER 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1° AND “0.” 


CL = 100 pF 
Cy INCLUDES JIG CAPACITANCE 
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M4 Limits © : 
Parameter Test Conditions 


35% to 65% Duty Cycle 


irate 
roan Ba ees 
eat St Tot EN Se ee 
Set-Up Time _ : 


Adjustable by External R/C 


Adjustable by External R/C 
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WAVEFORMS 


SYNCHRONOUS BUS TIMING (System Bus Previously Not In Use) | 


ee 'Bcy 


BCLK 


BREQ 


he 
MRDR MWTR 
1ORR !OWR 


ANYR 


tras- 


tcmD 


y REQUEST FOR ACQUISITION OF THE BUS 


~tBYD— 


‘BYD --— 


REQUEST TO RELEAS 


THE BUS 


tcempD 
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intel 8218/8219 PRELIMINARY 
WAVEFORMS (Continued) | ee | os 


BUS CONTROL EXCHANGE (Master No. 1 Leaving Bus And Master No. 2 Getting On Bus) 


TORR TOwR MASTER 1 GETS OFF BUS 


MASTER 1 ANYR OUT 
AND XCP IN 


a C ONE SHOT x 
MASTER 1 XCY OUT DELAY ——— 


[a e) 
MASTER 1 ADEN Ny ; aa 
‘Ne 


BUSY MASTER 1HAS BUS 


/ KN MASTER 2 HAS BUS zi 


MASTER 2 ADEN 


MASTER 2 

~ MWTR REQUESTS BUS 
TORR 
TOWR 


DELAYED BY 
ONE SHOT 
FOR ADDRESS SETUP 


ANYR 
XSTR 


iORC OF MASTER 2 


: . - 4 
XCY 
MASTER 2 
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RESET 
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(TRANSFER 
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SYNC 
FF 


RESET 
ACK 
(TRANSFER 
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MCS-85® CPU With 8219 
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USE FALLING EDGE OF ALE TO INITIATE DECODE 
LOGIC’S SELECTION OF THE BUS 
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ACCESS DECODE LOGIC 
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TO/FROM HIGHEST TO/FROM LOWEST 
PRIORITY BUS MASTER : PRIORITY BUS MASTER 


REQUEST REQUEST 


8218 


BUSY BPRN 


BUS CLOCK 


“DAISY CHAIN.” CONFIGURATION 


REQUEST 


BUS CLOCK 


PRIORITY 
RESOLVING 
LOGIC 


PARALLEL REQUEST CONFIGURATION : 


Two Methods of Connecting Multiple 8218/8219’s To Resolve Bus Contention Among Multiple Masters 
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8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


= Single Chip Clock Generator/Driver for 


8080A CPU 
= Power-Up Reset for CPU 
@ Ready Synchronizing Flip-Flop 


= Advanced Status Strobe 


The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the | 


designer to meet a variety of system speed requirements. 


# Oscillator Output for External System 


Timing 


# Crystal Controlled for Stable System 


Operation 
@ Reduces System Package Count 


g Available in EXPRESS 


- Standard Temperature Range 


Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 


The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 


XTALI 
XTAL2 
fi3> TANK 

> [> 

02 

o(TTLI[6 > 

[> sync o-STsTB [7 > 
[2> RESIN 

SCHMITT 
INPUT RESET [1 > 
[3> RDYIN READY [4 > 


Figure 1. Block Diagram 


2-79 
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Figure 2. Pin Configuration 
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8224 

ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias............--- 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature.............. —65°C to 150°C tion of the device at these or any other conditions above 
awupmiy Voltate; Vee. co. el ee ee —0.5V to +7V those indicated in the operational sections of this specifi- 
suDply Voltage Vop.., ........8-..- —0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
OS SS aaa ee ae a —1.5V to +7V rating conditions for extended periods may affect device 

MESURE RAETOMAE ol go), toa ask Wi ee lgran ateas beak as 100mA reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C, Voc = +5.0V +5%, Vpp = +12V +5%) 


Symbol Parameter Typ. Test Conditions 


Vin Input “’High’’ Voltage 2.6 V Reset Input 
2.0 All Other Inputs 
Vou > 45 | 


V (1,0), Ready, Reset, STSTB 
loL =2.5mA 

All Other Outputs 

lo = 15mA 


Output “High” Voltage 


o, ,%2 lon = -100uA 
READY, RESET lon = -100uA 
All Other Outputs lon =-1mMA 


| Ig (1) Output Short Circuit Current mA Vo = OV 
(All Low Voltage Outputs Only) Vec = 5.0V 


Note: 1. Caution, $4 and $9 output drivers do not have short circuit protection 


Crystal Requirements 


Tolerance: 0.005% at 0°C-70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 


*With tank circuit use 3rd overtone mode. 
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Maximum Oscillating 
Fmax Frequency 


STSTB Pulse Width 
tors RDYIN Setup Time to pirat 
Status Strobe 
: RDYIN Hold Time 
sna After STSTB 


RDYIN or RESIN to 


$2 Delay 


Input Capacitance 


$, Pulse Width 


$2 Pulse Width 
4 to 2 Delay 


$2 to $1 Delay 
$1 to $2 Delay 


1 and $2 Rise Time 


- 20ns 


mae - 36ns 
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intel od 8224 
A.C. CHARACTERISTICS (Vcc = +5.0V +5%, Vpp = +12.0V +5%, Ta = 0°C to 70°C) 


Cy. = 20pF to 50pF 


@2TTL,CL=30 
R4=30022 
R 2=60022 


Ry = 2K 
R2 = 4K 


Ready & Reset 


Vec=+5.0V 

Vpop=t12V 

Veias=2.5V 
f=1MHz 


STSTB, CL=15pF | 
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A.C. CHARACTERISTICS (Continued) (For tcy = 488.28 ns) (Ta = 0°C to 70°C, Vpp = +5V +5%, 
Vpp = +12V +5%) 


$, Pulse Width 


$2 Pulse Width 236 


Delay $, to $2 
Delay $2 to $4 


$2 to d2 (TTL) Delay 


Test Conditions 
tcy =488.28ns 


$1 & $2 Loaded to 
C, =20 to 50pF 


Status Strobe Pulse Width : 


READY or RESET 
to $2 Delay 


Oscillator Frequency | 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.0 


| >> rest powrs <7 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FORALOGIC “1” AND 0.45V FOR 


ALOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC “1” 
AND 0.8V FOR A LOGIC “0” (UNLESS OTHERWISE NOTED). 


Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 
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| 8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 
a Single Chip System Control for a User Selected Single Level Interrupt 
MCS-80® Systems Vector (RST 7) 


8-Pi | In-Line Pack 
a Built-In Bidirectional Bus Driver for = 26-Pin Dual In-Line Package 


Data Bus Isolation = Reduces System Package Count ‘ 
= 8238 Had Advanced |OW/MEMW for 
a Allows the Use of Multiple Byte Large System Timing Control 
Instructions (e.g. CALL) for Interrupt = Available in EXPRESS 
Acknowledge 


- Standard Temperature Range 


The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system.noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 


Note: The specifications for the 3228/3238 are identical with those for the 8228/8238 


cpu 
5 BIDIRECTIONAL <-— oB 
DATA °° BUS DAIVER pe? [SYSTEM DATA BUS 
BUS 4 > 4 
Ds — <— 08, 
Dg -_— — DB, 
0 = =— 0B, 
DRIVER CONTROL 
7 22 
MEM A z 8228/8238 
8 21 
MEM W 
| Gatinc P VOR 
ARRAY 
170 W 
S¥st¥eb 
DBIN U 


WA 
HLDA 


INTERRUPT ACKNOWLEDGE 
HLDA (FROM 8080) 
WR (FROM 8080) 


Figure 1. Block Diagram . Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* ‘NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias.............. —0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature.............. — 65°C to 150°C those indicated in the operational sections of this specifi- 
Buapoly Voltage, Vor... obs... cee. -0.5V to +7V cation is not limited. Exposure to absolute maximum 
PUPIL WOVMMOG 6b ok oa Wh eee nes -—1.5Vto +7V rating conditions for extended periods may affect device 
RIMM TEIENONONE 4.0. din, sc ping w Shows «cde a Ge 100 mA reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = 5V +5%) 


Limits 


Parameter Test Conditions 


Vec=4.75V; Ic=-5mMA 


Vec =§.25V 
Ve =0.45V 


Input Clamp Voltage, All Inputs 


< 


Input Load Current, 
STSTB 


a 


Do, Dy; Da; Ds. 
& Dz 


All Other Inputs 


4-4 
> 


= 
g < 
~ | st 
Cl line 
 } 


ala jaja FF 
= 


= 
> 


Input Leakage Current 
_ STSTB 


a 
=) 
o 
: 
> 


Vcc =5.25V 
Ve =5.25V 


i 


All Other Inputs 


ee Input Threshold Voltage, All Inputs 
ee Power Supply Current 


VTH 
loc 
VoL 
VOH 
los 


A RDI 
v 
mA Vec=5.25V 


V Veco =4.75V; lor =2mA 


Output High Voltage, 

Dg-D7 V Vec=4.75V; lon=-10"uA 

All Other Outputs V oS 

Short Greve Curent AVOuipus | 15 | | 90 | mA 
wd | 


Off State Output Current, 
All Control Outputs Voc =5.25V; Vo =5.25 
carer INTA Current epee: ee eee es (See INTA Test Circuit) 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 


Output Low Voltage, 
Do-D7 


All Other Outputs 
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1/O Capacitance 
sed (D or DB) 


_ A.C. TESTING LOAD CIRCUIT 


CAPACITANCE (Vsias = 2.5V, Voc = 5.0V, Ta = 25°C, f = 1 MHz) 
This parameter is periodically sampled and not 100% tested. 


Symbol Parameter 


Cin Input Capacitance 


Co Output Capacitance 
aad Control Signals 


A.C. CHARACTERISTICS (Tag = 0°C to 70°C, Voc = 5V +5%) 


_ Width of Status Strobe 
tss Setup Time, Status Inputs Do-D7 


Hold Time, Status Inputs Dg-D7 


toc Delay from STSTB to any Control Signal 


c. 
3. 


Condition 


tRrR Delay from DBIN to Control Outputs 


tre Delay from DBIN to Enable/Disable 8080 Bus 
Delay from System Bus to 8080 Bus during Read 


Delay from WR to Control Outputs 


twe Delay to Enable System Bus DByg-DB7 after STSTB 


two Delay from 8080 Bus Dp-D7 to System Bus 
DBy-DB7 during Write 


Delay from System Bus Enable to System Bus DBg-DB7 
HLDA to Read Status Outputs 
Setup Time, System Bus Inputs to HLDA 


i 
— 
S 
5°) 
_ 


ns 


O}O 
rae 
M 
S 
:°) 
4 


toH Hold Time, System Bus Inputs to HLDA 


TKS2 + 10% 


DEVICE 
UNDER 
TEST 


T 


For Dg-D7: Ry = 4K2, Ro = @2, 
Cy = 25pF. For all other outputs: 
Ry; = 5002, Ro= 1K2, Cy = 100pF. 


INTA Test Circuit (for RST 7) 
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8080 BUS DURING WRITE 


SYSTEM BUS DURING WRITE — — — — — — — 


f 
SYSTEM BUS ENABLE | 


ee ae i ee ee Ce Cee . ees 3 


SYSTEM BUS OUTPUTS — — — — — — — — — 


_ VOLTAGE MEASUREMENT POINTS: Dg-D7 (when outputs) Logic “0” = 0.8V, Logic “1” = 3.0V. All other signals measured a5 
. at 1.5V. es ee . 


_ *ADVANCED TOW/MEMW FOR 8238 ONLY. 
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8237A/8237A-4/8237A-5 
HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 


w Enable/Disable Control of Individual a High performance: Transfers up to 1.6M 
DMA Requests Bytes/Second with 5 MHz 8237A-5 
= Four Independent DMA Channels a Directly Expandable to any Number of 
| Channels 
= Independent Autoinitialization of all = End of Process Input for Terminating 


Channels Transfers 
= Memory-to-Memory Transfers ee ee 
= Independent Polarity Control for DREQ 
= Memory Block Initialization and DACK Signals 


a Available in EXPRESS 


= Address Increment or Decrement - Standard Temperature Range 


The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing external devices to directly transfer information from 
the system memory. Memory-to-memory transfer capability is also provided. The 8237A offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 


The 8237A is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 


The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 


Each channel has a full 64K address and word count capability. 
The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively. 


COUNT REG (16) REG (16) 
EOP 
RESET ited ion (1 40 [7] a7 
cs 16 BIT BUS iow Lj} 2 39) A6 
A4-A7 Wemea 3 38 
ican a ana ee: 5 ae 
AEN AND (NOTE 11) (J 5 36 [7] EOP 
CONTROL BASE CURRENT 
ADSTB, ADDRESS | woro ADDRESS | “woro cea 35} J 3 
| count aq) LC OOUNT HLDA (]7 347) a2 
MEMA | (16) | (16) 
apsts []8 337) at 
mERW AEN []9 327] ao 
ute a pane 
CONTROL HRQ [] 10 3117 Vee(+5\) 
Tow cso. r} DB0 


DREQO- 4 peonoet DACK3 [] 15 26 [7 Ba 
DREQS PRIORITY INTERNAL DATA BUS VO BUFFER SLRS. Rees PP shi thai 
HLDA OD i] ' prea? [1] 17 24 [7] DACK1 
Ha — ROTATING pREQ1 [] 18 23 [7] oBs 
“DACKS ate? DREQO [] 19 227) DBs 
Figure 2. 
Figure 1. Block Diagram Pin Configuration 
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Table 1. Pin Description 


Clock acu Clock Input controls 
the internal operations of the 
8237A and its rate of data trans- 
fers. The input may be driven at up 
to 3 MHz for the standard 8237A 
and up to 5 MHz for the 8237A-5. 


Chip Select: Chip Select is an ac- 


tive low input used to select the 
8237A as an I/O device during the 
Idle cycle. This allows CPU com- 
munication on the data bus. 


Reset: Reset is an active high in- 
put which clears the Command, 
Status, Request and Temporary 
registers. It also clears the 
first/last flip/flop and sets the 
Mask register. Following a Reset 
the device is in the Idle cycle. 


Ready: Ready is an input used to 
extend the memory read and write 
pulses from the 8237A to accom- 
modate slow memories or I/O per- 
ipheral devices. Ready must not 
make transitions during its speci- 
fied setup/hold time. 


Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU indicates that it has relin- 
quished control of the system 
busses. 


DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by pe- 
ripheral circuits to obtain DMA 
service. In fixed Priority, DREQO 
has the highest priority and 
DREQ3 has the lowest priority. A 
request is generated by activating 
the DREQ line of a channel. DACK 
will acknowledge the recognition 
of DREQ signal. Polarity of DREQ 
is programmable. Reset intializes 
these lines to active high. DREQ 
must be maintained until the corre- 
sponding DACK goes active. 


Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro- 
gram condition during the I/O Read 
to output the contents of an Ad- 
dress register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs 
are read during an I/O Write cycle 
when the CPU is programming the 
8237A control registers. During 
DMA cycles the most significant 8 
bits of the address are output onto 
the data bus to be strobea into an 
external latch by ADSTB. In mem- 
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ory-to-memory operations, data 
from the memory comes into the 
8237A on the data bus during the 
read-from-memory transfer. In the 
write-to-memory transfer, the data 
bus outputs place the data into the 

new memory location. 


#0 Read: I/O Read is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to read the 
control registers. In the Active cy- 
cle, it is an output control signal 
used by the 8237A to access data 
from a peripheral during a DMA 
Write transfer. 


VO Write: I/O Write is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to load in- 
formation into the 8237A. In the Ac- 
tive cycle, it is an output control 
signal used by the 8237A to load 
data to the peripheral during a 
DMA Read transfer. 


End of Process: End of Process is 
an active low bidirectional signal. 
information concerning the com- 
pletion of DMA services is avail- 
able at the bidirectional EOP pin. 
The 8237A allows an external sig- 
nal to terminate an active DMA 
service. This _is accomplished by 
pulling the EOP input low with an 
external EOP signal. The 8237A al- 
so generates a pulse when the ter- 
minal count (TC) for any channel is 
reached. This generates an EOP 
signal which is output through the 
EOP Line. The reception of EOP, 
either internal or external, will 
cause the 8237A to terminate the 
service, reset the request, and, if 
Autoinitialize is enabled, to write 
the base registers to the current 
registers of that channel. The mask 
bit and TC bit in the status word 
will be set for the currently active 
channel by EOP unless the channel 
is programmed for Autoinitialize. In 
that case, the mask bit remains un- 
changed. During memory-to-memory 
transfers, EOP will be output when 
the TC for channel 1 occurs. EOP 
should be tied high with a pull-up 
resistor if it is not used to prevent 
erroneous end of process inputs. 


Address: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cy- 
cle they are inputs and are used by 
the CPU to address the register 
to be loaded or read. In the Active 
cycle they are outputs and provide 
the lower 4 bits of the output 
address. 
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Table 1. Pin Description (Continued) 


Name and Function 


Address: The four most significant 
address lines are three-state out- 
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service. 


Hold Request: This is the Hold Re- 
quest to the CPU and is used to re- 
quest control of the system bus. If 
the corresponding mask bit is 
clear, the presence of any valid 


DREQ causes 8237A to issue the 
HRQ. After HRQ goes active at 
least one clock cycle (TCY) must 
occur before HLDA goes active. 


DMA Acknowledge: DMA Ac- 
knowledge is used to notify the in- 
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program- 
mable. Reset initializes them to ac- 
tive low. 


DACKO-DACK3 


FUNCTIONAL DESCRIPTION 


The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data inter- 
connection paths are also shown. Not shown are the 
various control signals between the blocks. The 8237A 
contains 344 bits of internal memory in the form of 
registers. Figure 3 lists these registers by name and 
shows the size of each. A detailed description of the 
‘registers and their functions can be found under 
Register Description. 


Base Address Registers 

Base Word Count Registers 
Current Address Registers 
Current Word Count Registers 
Temporary Address Register 


Temporary Word Count Register 
Status Register 

Command Register 

Temporary Register 

Mode Registers 

Mask Register 

Request Register 
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Figure 3. 8237A Internal Registers 


The 8237A contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237A. The Program 
Command Control block decodes the various com- 
mands given to the 8237A by the microprocessor prior 


to servicing a DMA Request. It also decodes the Mode 


Control word used to select the type of DMA during the 
servicing. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 


The Timing Control block derives internal timing from 
the clock input. In 8237A systems this input will usually 


Symbol Type Name and Function 

AEN Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 


Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 


Memory Read: The Memory Read 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Read or a memory-to-memory 
transfer. 


ADSTB 


MEMW O | Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 


transfer. 


be the ¢2 TTL clock from an 8224 or CLK from an 
8085AH or 8284A. For 8085AH-2 systems above 3.9 MHz, 
the 8085 CLK(OUT) does not satisfy 8237A-5 clock LOW 
and HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 


DMA Operation 


The 8237A is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device cy- 
cle is made up of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State | (SI) is the inactive state. It is 
entered when the 8237A has no valid DMA requests 
pending. While in SI, the DMA controller is inactive but 
may be in the Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a DMA 
service. The 8237A has requested a hold but the pro- 
cessor has not yet returned an acknowledge. The 8237A 
may still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with nor- 
mal timing, wait states (SW) can be inserted between S2 
or S3 and S4 by the use of the Ready line on the 8237A. 
Note that the data is transferred directly from the I/O 
device to memory (or vice versa) with IOR and MEMW (or 
MEMR and IOW) being active at the same time. The data 
is not read into or driven out of the 8237A in I/O-to- 
memory or memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a 
write-to-memory to-complete each transfer. The states, 
which -resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S11, 
$12, $13, $14) are used for the read-from-memory half 
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and the last four states (S21, S22, $23, S24) for the write- 
to-memory half of the transfer. 


IDLE CYCLE 


When no channel is requesting service, the 8237A wiil 
enter the Idle cycle and perform ‘‘SI” states. Ln this 
cycle the 8237A will sample the DREQ lines every clock 
cycle to determine if any channel is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to write or read the inter- 
nal registers of the 8237A. When CS is low and HLDA is 
low, the 8237A enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini- 
tion of the part by reading from or writing to the internal 
registers. Address lines A0-A3 are inputs to the device 
and select which registers will be read or written. The 
IOR and IOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis- 
ters, an internal flip-flop is used to generate an addi- 
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-bit Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 


Special software commands can be executed by the 
8237A in the Program Condition. These commands are 
decoded as sets of addresses with the CS and lIOW. The 
commands do not make use of the data bus. Instruc- 
tions include Clear First/Last Flip-FLop and Master 
Clear. 


ACTIVE CYCLE 


When the 8237A is in the Idle cycle and a non-masked. 
channel requests a DMA service, the device will output 
an HRQ to the microprocessor and enter the Active cy- 
cle. It is in this cycle that the DMA service will take 
place, in one of four modes: 


Single Transfer Mode — in Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address dec- 
remented or incremented following each transfer. When 
the word count “rolls over’ from zero to FFFFH, a Ter- 
minal Count (TC) will cause an Autoinitialize if the chan- 
nel has been programmed to do so. 


DREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through- 
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another single transfer will be 
performed, in 8080A, 8085AH, 8088, or 8086 system this 
will ensure one full machine cycle execution between 
DMA transfers. Details of timing between the 8237A and 
other bus control protocois will depend upon the char- 
acteristics of the microprocessor involved. 


Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making trans- 
fers during the service until a TC, caused by word count 
going to FFFFH, or an external End of Process (EOP) is 
encountered. DREQ need only be held active until DACK 
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becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro- 
grammed for it. 


Demand Transfer Mode — In Demand Transfer mode the 
device is programmed to continue making transfers 
until a TC or external EOP is encountered or until DREQ 
goes inactive. Thus transfers may continue until the /O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re-established by means of a DREQ. During the time 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237A Current Address and Cur- 
rent Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode—This mode is used to cascade more than one 
8237A together for simple system expansion. The HRQ and 
HLDA signals from the additional 8237A are connected to the 
DREQ and DACK signals of a channel of the initial 8237A. 
This allows the DMA requests of the additional device to 
propagate through the priority network circuitry of the preced- 
ing device. The priority chain is preserved and the new device 
must wait for its turn to acknowledge requests. Since the 
cascade channel of the initial 8237A is used only for prior- 
itizing the additional device, it does not output any address 
or control signals of its own. These could conflict with the 
outputs of the active channel in the added device. The 8237A 
will respond to DREQ and DACK but all other outputs except 
HRQ will be disabled. The ready input is ignored. 


Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237As could be 
added at the second level by using the remaining chan- 
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 


2ND LEVEL 


1ST LEVEL 


MICROPROCESSOR 


ADDITIONAL 
DEVICES 


Figure 4. Cascaded 8237As 


AFN-00789D 


8237 A/8237A-4/8237A-5 


TRANSFER TYPES 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Verify. 
Write transfers move data from and I/O device to the memory 
by activating MEMW and IOR. Read transfers move data from 
memory to an I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 8237A operates as in 
Read or Write transfers generating addresses, and responding 
to EOP, etc. However, the memory and |/O control lines all 
remain inactive. The ready input is ignored in verify mode. 


Memory-to-Memory—To perform block moves of data from 
one memory address space to another with a minimum of 
program effort and time, the 8237A includes a memory-to- 
memory transfer feature. Programming a bit in the Command 
register selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated by setting 
the software DREQ for channel 0. The 8237A requests a DMA 
service in the normal manner. After HLDA is true, the device, 
using four state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or incre- 
mented in the normal manner. The data byte read from the 
memory is stored in the 8237A internal Temporary register. 
Channel 1 then performs a four-state transfer of the data from 
the Temporary register to memory using the address in its 
Current Address register and incrementing or decrementing it 
in the normal manner. The channel Tf current Word Count is 
decremented. When the word count of channel 1 goes to 
FFFFH, a TC is generated causing an EOP output terminating 
the service. ; 


Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 


The 8237A will respond to external EOP signals during 
memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers is found in Figure 12. 
Memory-to-memory operations can be detected as an 
active AEN with no DACK outputs. 


Autoinitialize—By programming a bit in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialize initialization, the original values of the Current 
Address and Current Word Count registers are automatically 
restored from the Base Address and Base Word count registers 
of that channel following EOP. The base registers are loaded 
simultaneously with the current registers by the micropro- 
cessor and remain unchanged throughout the DMA service. 
The mask bit is not altered when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as soon as a 
valid DREQ is detected. In order to Autoninitialize both chan- 
nels in a memory-to-memory transfer, both word counts should 
be programmed identically. If interrupted externally, EOP 
pulses should be applied in both bus cycles. 


Priority — The 8237A has two types of priority encoding avail- 
able as software selectable options. The first is Fixed Priority 


which fixes the channels in priority order based upon the 


descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, 
0. After the recognition of any one channel for service, the 
other channels are prevented from interferring with that ser- 
vice until it is completed. 


The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. © 


ist 2nd 3rd 
Service Service Service 
highest 0 2 ~<@— service 
1 <g— service 


2 
3 


3 ~@— service 
0 
1 


2 


3 ~g—- request 
\ 
1 


lowest 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 


Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
8237A can compress the transfer time to two clock 
cycles. From Figure 11 it can be seen that state S3 is 
used to extend the access time of the read pulse. By 
removing state S3, the read pulse width is made equal to 
the write pulse width and a transfer consists only of 
state S2 to change the address and state S4 to perform 
the read/write. S1 states will still occur when A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 14. 


Address Generation — In order to reduce pin count, the 
8237A multiplexes the eight higher order address bits 
on the data lines. State S1 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three- 
state enable. The lower order address bits are output by 
the 8237A directly. Lines AO-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between CLK, AEN, ADSTB, DBO-DB7 and A0-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 


‘data need only change when a carry or borrow from A7 
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to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237A executes 
$1 states only when updating of A8-A15 in the latch is 
necessary. This means for long services, S1 states and 
Address Strobes may occur only once every 256 trans- 
fers, a savings of 255 clock cycles for each 256 
transfers. 
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Command Register 


REGISTER DESCRIPTION 


Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the trans- 
fer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be reini- 
tialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 


Current Word Register — Each channel has a 16-bit Cur- 
rent Word Count register. This register determines the 


number of transfers to be performed. The actual number — 


of transfers will be one more than the number pro- 
grammed in the Current Word Count register (i.e., pro- 
gramming acount of 100 will result in 101 transfers). The 
word count is decremented after each transfer. The 
intermediate value of the word count is stored in the reg- 
ister during the transfer. When the value in the register 
goes from zero to FFFFH, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. Follow- 
ing the end of a DMA service it may also be reinitialized 
by an Autoinitialization back to its original value. Auto- 
initialize can occur only when an EOP occurs. If it is not 
Autoinitialized, this register will have a count of FFFFH 
after TC. ’ 


Base Address and Base Word Count Registers — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 


Command Register — This 8-bit register controls the 
operation of the 8237A. It is programmed by the micro- 
processor in the Program Condition and is cleared by 
Reset or a Master Clear instruction. The following table 
lists the function of the command bits. See Figure 6 for 
address coding. 


Mode Register — Each channel has a 6-bit Mode regis- 
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
0 and 1 determine which channel Mode register is to be 
written. 


Request Register — The 8237A can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request register. These are non- 
maskable and subject to prioritization by the Priority 
Encoder network. Each register bit is set or reset sepa- 


r 


7 6 5 4 3 2 1 O «<¢——Bit Number 


0 Memory-to-memory disable 
1 Memory-to-memory enable 


0 Channel 0 address hold disable 
1 Channel 0 address hold enable 
X If bitO=0 


0 Controller enabie 
1 Controller disable 


0 Normal timing 
1 Compressed timing 
X If bitO=1 


0 Fixed priority 
1 Rotating priority 


0 Late write selection — 
1. Extended write selection 
X If bit3=1 


DREQ sense active high 
1 DREQ sense active low 


DACK sense active low 
1 DACK sense active high 


Mode Register a 


7 6 5 4 3 2 1 #O <¢—— Bit Number 


Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 


Verify transfer 
Write transfer 
Read transfer 
lilegal 

If bits 6 and 7=11 


Autoinitialization disable 
Autoinitialization enable 


Address increment select 
Address decrement select 


Demand mode select 
Single mode select 
Block mode select 
Cascade mode select 


Request Register 
7 65 43 2 1 0 «<«——Bit Number 


Secocnsene, cement” 00 Select channel 0 
Don't Care 01 Select channel 1 
10 Select channel 2 

11 Select channel 3 


0 Reset request bit \ 
1 Set request bit 


rately under software control or is cleared upon genera- 
tion of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
register address coding. In order to make a software re- 
quest, the channel must be in Block Mode. 
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Mask Register — Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 


765 43 2 1 =O ~<t—— Bit Number 


00 Select channel 0 mask bit 
Don't Care 01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11. Select channei 3 mask bit 


Clear mask bit 
Set mask bit 


-_ Oo 


All four bits of the Mask register may also be written 
with a single command. | 


765 43 2 1 O <¢—— Bit Number 


See eee” 


E 0 Clear channel 0 mask bit 
Don’t Care 1 


Set channel 0 mask bit 


Q Clear channel 1 mask bit 
Set channel 1 mask bit 


= 


0 Clear channel 2 mask bit 
Set channel 2 mask bit 


— 


0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 


CS IOR iOW A3 A2 Ai AO 


Command | Write 0 
Mode Write 0 
Request Write 0 
Mask Set/Reset | 0 
Mask Write 0 
Temporary | Read 0 
Status Read 0 


Figure 5. Definition of Register Codes 


Status Register — The Status register is available to be 
read out of the 8237A by the microprocessor. it contains 
information about the status of the devices at this point. 
This information includes which channeis have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by 
that channel or an external EOP is applied. These bits 
are Cleared upon Reset and on each Status Read. Bits 
4-7 are set whenever their corresponding channel is 
requesting service. 
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7 6 5 4 3 2 1 O <¢— Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channei 2 has reached TC 
Channel 3 has reached TC 


a wt es 


Channel 0 request 
Channel 1 request 
Channel 2 request . 
Channel 3 request 


Temporary Register — The Temporary register is used 
to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. The Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 


ee 


Software Commands—These are additional special software 
commands which can be executed in the Program Condition. 
They do not depend on any specific bit pattern on the data 
bus. The three.software commands are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237A. This initializes the flip-flop 
to a known state so that subsequent accesses to reg- 
ister contents by the microprocessor will address 
upper and lower bytes in the correct sequence. 


Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237A will enter the Idle cycle. 


Clear Mask Register: This command clears the mask 
bits of all four channels, enabling them to accept 
DMA requests. : 


Figure 6 lists the address codes for the software com- 
mands: 


Pf to fo | o | of 1 | Ressstaus Register | 
| 1 fo fo fo | + | o | write command Register | 


itegal 


a a Write Request Register 


lo | Write Single Mask Register Bit 


illegal 


Pe Write Mode Register 
illegal 
Ciear Byte Pointer Flip/Fiop 


Read Temporary Register 


Figure 6. Software Command Codes 
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lip-F } 
aa ac internal Flip-Flop | Data Bus DB0-DB7 


?] 
” 
re) 
P 
= 
> 
ws 


Current Address 
Base and Current Word Count 
Current Word Count 
Base and Current Address 
Current Address 

Base and Current Word Count 
Current Word Count 

Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 
Base and Current Address 
Current Address 
Base and Current Word Count. 


Current Word Count 


22a ae Safa no a4 amloo 00 COO COClOO oc coo Co°olB 


oO: oo 2 6 .Orai 6. +«O:6 16 6 'o'S:i-o © “OO .o oo. oO eo Tae... 2'6...ca oO oo 

ab mt Or © - abit sO Ol a st 6SCO St st OO O'S et: CO Sas OO Cla ss COO «a eA C10 

—_ — —_ — otk =k oh oo oe. 6 Oo Oo So: S&S —_ — —_ oA —- oA —~ — oo oo ex SE oe | o:o 

—b oh —_ ab eo oe S&S =k ot =i” ok eo Sc..o & —_ — —_ —_ eo So > = | —_ ot at. ok Qa oo ' oo 

—=O-"70 2420 2 O]/230 323 CO 2@ Oo 2B Olin Oo w20O {230 2 OI" 0 282A Oo =@= OC = OC 
7 


oo +4 OO Ft st/(1 OO A = OO = sBI([ OO == OO —_ = oO oO —_ ot oo — —« 


Figure 7. Word Count and Address Register Command Codes ieee ost 


PROGRAMMING 


The 8237A will accept programming from the host proc- 

essor any time that HLDA is inactive; this is true even if 

HR@Q is active. The responsibility of the host is to assure 

that programming and HLDA are mutually exclusive. 

Note that a problem can occur if a DMA request occurs, \ 

on an unmasked channel while the 8237A is being pro- 

grammed. For instance, the CPU may be starting to 

reprogram the two byte Address register of channel 1 

when channel 1 receives a DMA request. If the 8237A is 

enabled (bit 2 in the command register is 0) and channel . f 
1 is unmasked, a DMA service will occur after only one | 
byte of the Address register has been reprogrammed. 

This can be avoided by disabling the controller (setting 

bit 2 in the command register) or masking the channel 

before programming any other registers. Once the pro- 

gramming is complete, the controller can be enabled/un- 

masked. 


After power-up it is suggested that all internal locations, 

especially the Mode registers, be loaded with some 

valid value. This should be done even if some channels 
are unused. : a 
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APPLICATION INFORMATION 


_ Figure 8 shows a convenient method for configuring a 


DMA system with the 8237A controller and an 8080A/ 
8085AH microprocessor system. The multimode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a peripheral 
device. When the processor replies with a HLDA signal, 
the 8237A takes control of the address bus, the data bus 
and the control bus. The address for the first transfer 


operation comes out in two bytes — the least signifi- 
cant 8 bits on the eight address outputs and the most 
significant 8 bits on the data bus. The contents of the 
data bus are then latched into the 8282 8-bit latch to 
complete the full 16 bits of the address bus. The 8282 is 
a high speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is updated 
only after a carry or borrow is generated in the least sig- 
nificant address byte. Four DMA channels are provided 
when one 82374 is used. 


ADDRESS BUS A0-A15 


DBO-DB7 


SYSTEM DATA BUS 


8-BIT LATCH 


CONTROL 
BUS 


Figure 8. 8237A System Interface 
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. DREQ should be held active until DACK is returned. | : 
. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 7 
. Arevision of the 8237A is planned for shipment in April 1984, which will improve the following characteristics: 
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intel ec 8237A/8237A-4/8237A-5 6 
ABSOLUTE MAXIMUM RATINGS* ‘NOTICE: Stresses above those listed under “Absolute = 

Maximum Ratings’’ may cause permanent damage to the notices 
device. This is a stress rating only and functional opera- " 
Ambient Temperature under Bias ......... 0°C to 70°C tion of the device at these or any other conditions above | 5 
Storage Temperature CS climes he's -— 65°C to + 150°C those indicated in the operational sections of this specifi- : 
Voltage on any Pin with cation is not implied. Exposure to absolute maximum : 
ETO SMOUNG 2555 cade s ces seo oe —0.5 to 7V rating conditions for extended periods may affect device * 
Pier PIMIDGLION. 3)... c.-wsa ee bw os eee eutewre 1.5 Watt reliability. f 
D.C. CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) f 


Test Conditions Rta ; FE 
lou = -200 uA at a "ay tan ; 
lon = -100 vA (HRQ Only) : é ( 


lo, = 2.0mA (data Bus)EDP 


lo. = 3.2mA (other outputs) (Note 8 Oa ; 
lo, = 2.5mA (ADSTB) (Note 8) ~ > 4 


aoe 
[input Load Curent | 
[Output weakage Current |_| 
RE 
es 
por 
gen 
Sue 


VcecSupply Current 


Output Capacitance 
Input Capacitance 


\/O Capacitance 


, 


. Typical values are for Ta = 25°C, nominal supply voltage and nominal processing parameters. / f oa 
. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0V for HIGH and 0.8V - 


for LOW, unless otherwise noted. 


. Output loading is 1 TTL gate plus 150pF capacitance, unless otherwise noted. pray 
. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net IOR or MEMR pulse width for 


normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 


. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value for TDQ2 assumes an external 3.3kQ 


pull-up resistor connected form HRQ to Vcc. 


1. Viy from 2.2V to 2.0V ‘ 
2. Voi from 0.45V to 0.4V on ail outputs. Test condition Io, = 3.2 mA. P 
Please contact your local sales office at that time for more information. 


. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 8237A, 


at least 500 ns for the 8237A-4 and at least 400 ns for the 8237A-5, as recovery time between active read or write pulses. 


EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vcc. 
Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when the pin is left floating. It is recom- 
mended however, that pin 5 be tied to Voc. 


A.C. TESTING INPUT, OUTPUT WAVEFORM ba 


INPUT/OUTPUT 


2.0 


| S 
hon TEST POINTS 4 ’ 


0.8 


PR eH ae laste Eee AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
"02 UREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” a 
AND 0.8V FOR A LOGIC “0.” (Note 2) at ’ en FS 
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a. : ioe 8237A 8237A-5 
Fes Earemetes Min. | Max.| Min. | Max.| 
j, Peaclaa 


TAET AEN LOW from CLK HIGH (SI) Delay Time 
| TAFAB | ADR Active to Float Delay from CLK HIGH E ABO. PT oe ay = ape 
‘TAFC READ or WRITE Float from CLK HIGH ECS pias <5 [y tee 
(| TAHR ADR from READ HIGH Hold Time TCY-100 See TCY-100 ees TCY-100 
_ | TAHS — | DB from ADSTB LOW Hold Time | ak Sb ER Be ee 


| TAK EOP HIGH from CLK HIGH Delay Time (Note 10) 250 et 190 


| [TASM [ADR SiabietromCLKHIGH—SSSSSCSC~SCS YS 


; Clock LOW Time (Transitions < 10 ns) | 150 


| TFAC READ or WRITE Active from CLK HIGH Saas 


“[TIDH | InputDatatromMEMRHIGHHoldTime | of | Ts 


SO iy SS eee ees 
en SS ele . ‘ 
ee S iy 

= is 


OE Sgag7 A 


TAEL AEN HIGH from CLK LOW (S1) Delay Time 


17 


oO 


[TAFOB | DB Active o Float Delay rom CLKHIGH | «(RO || 


DACK Valid from CLK LOW Delay Time (Note 7) 


Pao [| ee 


a 
~~ 
oO 


eet 
~~ 
oO 


EOP LOW from CLK HIGH Delay Time | P2250 [sr | 2490 


—_~ | 
“| MN 


TASS DB to ADSTB LOW Setup Time 100: 
Clock High Time (Transitions < 10 ns) 120 


mar 
io) 
oO 


CLK Cycle Time | | 320 pea 
TDCL | CLK HIGH to READ or WRITE LOW Delay (Note 4) ie eee) ote 


TDCTR | READ HIGH from CLK HIGH (S4) Delay Time | 
(Note 4) | 270 210 
TDCTW | WRITE HIGH from CLK HIGH (S4) Delay Time ea. 
| (Note 4) | 20 
6 


0 
TDQ1 160 
: HRQ Valid from CLK HIGH Delay Time (Note 5) 160 | 


= 
nn 
oO 
42% 
w 
oO 


Bm 
ye] 
o 


TDQ2 


250 
res | EOPLOW rom GLKLOWSeupTime === 
rrepw | E0PPusewan SSCS STi 
CTERAB | ADA Float to ActveDelytronclkWGH | ——«d aa | «da 
[300 
S00 


a 
~s 
oO 


LTHS | HUDAValidto CLK HIGHSetupTime | 100 || 5 || Ys 


TOOH | Output Data trom MEMWHIGHHolaTime | 2 | ~~‘ | | 10 | | ve | 
TOBY | GutputBatavaisto MEMWHIGH =| aod ad 
[TRH | CLKioREADYLOWHoldTime ===) Sd Sm 
[TAS | READY to CLKLOWSetpTime —~=~=«dt=~Ct |S) |S) 
Fstt__| ADSTEHIGH rom CLKHIGHOelayTine |S ODS] || 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE (TA = 0°C to 70°C, Voc = 5.0V +5%, 
ND = OV)‘ 


| in 

[tan | ADAValor @StowtoREAGLOW | | | | | 0 | |v _ 
Taw | ADRValis oWATTEWIGH SetupTime | 200 | 

Trew [CS LOWtoWATTEHIGH SetpTime | 200 |_| 150 | 
[TOW | DateVaia toWAITE HIGH SetupTime | 200 
[TRA | _ADRorCS Hols tromREADHIGH =| 
[TRDE | bata cose am REABLOW Wie YS 
CTROF | OB Float Delay romREADHIGH =| 
crs ae 
casts | werd 


ee i ee 
et 
C0 | ae 
ia a Bi 
ee ee 
ps 20 | 100: 
TRSTD Doss 2 


TRSTS |RESET to First IOWR 2TCY 
TRSTW RESET Pulse Width 


[Two | Data romWRITE HIGHHolsTime ——~+| ao | i ao | «| ao] ide 
Prwwe | wetewian SSSCSC~“~*~rCSC*‘“‘é OSSSC*dt Co] (tg d e 


WAVEFORMS 
SLAVE MODE WRITE TIMING 
cs . 
TwC 


(NOTE 9) 


TAW 


| —-— - - - — — --—-_ --_______ —.7 
X INPUT VALID me 


TOW 


| —_ —— ——— Ss f 
DBO-DB7 : INPUT VALID y she 


Figure 9. Slave Mode Write 


SLAVE MODE READ TIMING 


A0-A3 


TRA 
(NOTE 9) 


‘ . DATA OUT VALID 


Figure 10. Slave Mode Read 


2-99 | ; AFN-00789D 


e UT a : oo a 
3 go DREQ Anmee 
- as Toa ppd 09 
he me P ; 
TAEL 
om AEN | 

okt mere 
5 ; % | | TSTL <—— TEPS | 

es i ADSTB 

Pei ee 

ey “ of TAHS 

: 000-08? Oe 
+—_—TAFAB 

é ee : 
: : % A0-A7 0 ADDRESS VALID eee ieee ae ADDRESS VALID 
. sf tit ae “ 
et ies i Bi 
; i TFAC TDCTR <—TAFC 
= TALCG 

| rhe HP 

aim = 

4 | (FOR EXTENDED WRITE) 

: 7 int EOP 
2 J TAK 

. Tee ats | Uae 

oreo? — (AAA 4/7277ZZ77777 
Figure 11. DMA Transfer 
a Z 
= 
oe 2-100 AFN-00789D 


WAVEFORMS (Continued) 


| DMA TRANSFER TIMING 


-9237A/ 8237A-4) 8237-5 


a Te” MS Mer ee See Lo epee q -' a es ee 
TE Tey Kae ie 5 Myler 2 Su nk Weaker eee, 
ae es ey ee ee - 


7 ov : > eh Bis pt Sag - TE rat : : - - ' - : east es ee i ee pe 
. ee ay te wh +5 ey saat —_ abs es oe: by , ; rE uy . ire ofS" ee 
ae l : oe Attar xB.) tne aT PS at ye < < “ae , p : : Rane aot ter SS ane 
tak oo oe - \ t . > tee 2 = ve +: ~ “ » "= ; i * a <of 
=45 ee? , f z 3 4 we , : 5 ; : wee > 


> T-,, 
x a 
ob 


, intel nee 8237A/8237A-4/8237A-5 uae | a 


WAVEFORMS (Continued) 


MEMORY-TO-MEMORY TRANSFER TIMING 


SO S11 $12 $22 $23 ew Coe Sa ree 


TSTL 


ADSTB 


$13 $14 $21 


A0-A7 E ADDRESS VALID 


ote 


TFADB 
DBO-DB7 


TFAC 


TFAC 


MEMW 


+ 

> 

za 

+ 

> 

xz 
~ 
> 
i) 
i?) 


TEs 


TEPW 


ore NNN GM/// WO TTT 


Figure 12. Memory-to-Memory Transfer 
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8257/8257-5 
PROGRAMMABLE DMA CONTROLLER. 


= MCS-85® Compatible 8257-5 a Single TTL Clock 


a 4-Channel DMA Controller s Single +5V Supply 


a Priority DMA Request Logic a Auto Load Mode 


a Channel Inhibit Logic 
a Available in EXPRESS 


w Terminal Count and Modulo 128 - Standard Temperature Range 


Outputs 


The Intel* 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 


cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 


savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 
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Figure 1. Block Diagram Figure 2. Pin Configuration 


2-103 


8257/8257 -5 


FUNCTIONAL DESCRIPTION 


General 


The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 I/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 


1. Acquires control of the system bus. 


2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 


3. Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines Ag-Aj5), and - 


4. Generates the appropriate memory and |/O read/ 
write control signals that cause the peripheral to 


receive or deposit a data byte directly from or to the 


addressed location in memory. 


The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., asector of dataona 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 


The 8257 offers three different modes of operation: 
(1) OMA read, which causes data to be transferred from 
memory to a peripheral; (2) OMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or !/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 
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Block Diagram Description 


1.. DMA Channels 


The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is | 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N= the number of,desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 
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Figure 3. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 


Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 


(DRQ 0-DRQ 3) 


DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple OMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 


(DACK 0 - DACK 3) 


DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DACK output acts as a “chip select” for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 


- a burst of data is being transferred. 


2. Data Bus Buffer 


This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 


(Do-D7) 
Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 


bits of data for a DMA address register, a terminal count. 


register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 
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_ Figure 4. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 


When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a ‘slave’ device on 


_. the system bus), the Read/Write Logic accepts the W/O 


Read (I/OR) or I/O Write (/OW) signal, decodes the least 
significant four address bits, (Ap-A3), and either writes 
the contents of the data bus into the addressed register 
(if OW is true) or places the contents of the addressed 
rejister onto the data bus (if I/OR is true). 


During DMA cycles (i.e., when the 8257 is the bus 
“master’), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or !/O Write and 
memory read (DMA read cycle) signals which centrol the 
data link with the peripheral that has been granted the 
DMA cycle. 


Note that during OMA transfers Non-DMA 1|/O devices 
should be de-selected (disabled) using “AEN” signal to 
inhibit 1/O device decoding of the memory address as an 
erroneous device address. 


(VOR) 


1/O Read: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
Status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the “master” mode, |/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 


(WOW) 


1/O Write: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the “master” mode, i/OWisa 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 


(CLK) 
Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (62 TTL) or Intel® 8085A CLK output. 


(RESET) 

Reset: An asynchronous input (generally from an 8224 

or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 
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(Ao-A3) 

Address Lines: These least significant four address lines 
are bi-directional. In the “slave” mode they are inputs 
which select one of the registers to be read or 
programmed. In the “master” mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 


(CS) 


Chip Select: An active-low input which enables the 1/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the “slave” mode. In the “master” mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 


4. Control Logic 


This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 
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Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(Aqg-A7) 


Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all OMA 
cycles. 


(READY) 


Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles. 
READY must conform to specified setup and hoid 
times. 


(HRQ) 


Hold Request: This output requests control of the 
system bus. In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU. HRQ 
must conform to specified setup and hold times. 


(HLDA) 


Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. . 


| (MEMR) 


Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 


(MEMW) 


Memory. Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 


(ADSTB) 


Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 


(AEN) 


Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data |/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an 1/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an |1/O device when the OMA address is on the 
address bus. The !/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 
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(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TCis 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 


loaded with the values (n-1), wheren=the desired number — 


of the DMA cycles. 


(MARK) 


Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 
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Figure 6. 8257 Block Diagram Showing Control 
Logic and Mode Set Register 
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5. Mode Set Register 


When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


Enables OMA Channel 0 
Enables OMA Channei 1 
Enables DMA Channel 2 
Enables DMA Channel 3 


Enables AUTOLOAD 
Enables TC STOP 
Enabies EXTENDED WRITE 
Enables ROTATING PRIORITY 


The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
OMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 


The various options which can be enabled by bits in the 
Mode Set register are explained below: 


Rotating Priority Bit 4 


In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle. the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 


If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 


CHANNEL—> 
| JUST SERVICED 


Highest 


Priority —»> 
Assignments 


Lowest 


8257/8257-5 


2-108 


Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel 0 initially 
assigned to the highest priority for the first DMA cycle. 


Extended Write Bit 5 


If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and I/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and |/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a “not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the |/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 


TC Stop Bit 6 


If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 


Auto Load Bit 7 


The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block: Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
“update” cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 


Each time that the 8257 enters an update cycle, the update’ 


flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 


6. Status Register 


The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 
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TC STATUS FOR CHANNEL 0 j 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 


UPDATE FLAG 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 


cleared by resetting the 8257, by changing to the non-auto. 


load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 


The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 


HRQ line or by disabling channels with a mode word. 


before reading the TC status. 
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Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 


Programming and Reading the 8257 Registers 


There are four pairs of “channel registers’: each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two “general registers”: one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally 1/OR or 1/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits As-Ai; (depending on the 
systems memory, |/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An 1/O 
Write input (or Memory Write in memory mapped |!/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an |/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
“channel register” (A; = 0) or the Mode Set (program 
only)/Status (read only) register (A; = 1) is to be accessed. 


The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing achannel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the termina! count 
register (Ao = 1), while bits A; and A> specify one of the 


8257 Register Selection 
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controuinpur | éS | ow | OR | as 
Program Half of a 
Channei Register 
Read Half of a 
Channel Register 
Program Mode Set 
Register 


Read status Revister | 0 | 1 | 0 | 3 


four channels. Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 


' “channel registers” all channel command instruction 


operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either I/OR or i/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 


ADORESS INPUTS 


REGISTER 


CH-0 DMA Address 0 
CH-0 Terminal Count 
CH-1 DMA Address 
CH-1 Terminal Count 
CH-2 DMA Address 
CH-2 Terminal Count 


CH-3 DMA Address 


CH-3 Terminal Count 
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MODE SET (Program only) 
STATUS (Read only) 
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Same as Channel 0 


Same as Channei 0 


Same as Channel 0 
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*Ag-A15: DMA Starting Address, Cg-C13: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK, UP: UPDATE 


FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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SI 
SAMPLE DRQn LINES 
SET HRQ IF DRQn= 1 


so 
SAMPLE HLDA 
RESOLVE DRQn PRIORITIES 


$1 
PRESENT AND LATCH 
UPPER ADDRESS 
PRESENT LOWER ADDRESS 


$2 
ACTIVATE READ COMMAND 
ADVANCED WRITE COMMAND 
AND DACKn 


S3 READY sw 
ACTIVATE WRITE COMMAND VERIFY | SAMPLE 


ACTIVATE MARK AND TC 
IF APPROPRIATE spr 


READY + VERIFY 


4 
RESET ENABLE FOR CHANNEL N IF 
TC STOP AND TC ARE ACTIVE. 
DEACTIVATE COMMANDS. 
DEACTIVATE DACKn, MARK AND TO 
SAMPLE DRQn AND HLDA 
RESOLVE ORQn PRIORITIES. 
RESET HRO'IF HLDOA = OOR DRO = 0 


1 DRQn REFERS TO ANY DRQ LINE ON AN ENABLED DMA CHANNEL. 


Figure 8. DMA Operation State Diagram 


DMA OPERATION 
Single Byte Transfers 


A single byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the system bus is free for its use: Once HLDA is 
received the DACK line for the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 
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read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that the bus 
is now free for use. DRQ must remain HIGH until DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 


| Consecutive Transfers 


If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 


No overhead is incurred by switching from one channel — 


to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 


Control Override 


The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 


Not Ready 


The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 


Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 totransfer at a rate of 500K bytes/second. 


Memory Mapped 1/O Configurations 


The 8257 can be connected to the system bus as a memory 
device instead of as an |/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's 1/O control lines and the system I/O 
control lines to the 8257's memory control lines. 


This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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Figure 9. System Interface for Memory 
Mapped I/O 


SYSTEM APPLICATION EXAMPLES 


DMA Verify Cycle 
DMA Read Cycle 
DMA Write Cycie 
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Figure 10. TC Register for Memory Mapped 
1/0 Only 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


feo ou fol Uto 


DMA CONTROLLER 


DRQO 
SYSTEM : 
DACK 9 RAM 


ORQ1 a MEMORY 
DACK 1 

DRQ 2 
DACK 2 

DRO 3 
DACK 3 


DATA BUS 


iniai be 


SYSTEM 


TELEPHONE 
LINES 


Figure 12. High-Speed Communication Controller 
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A.C. TESTING LOAD CIRCUIT 
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| INPUT/OUTPUT 


- 2.4" 


2.0 DEVICE 


be TEST POINTS a ' oe 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING 1 ge nade dle ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


C, INCLUDES JIG CAPACITANCE 


“Tracking Parameters 


Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow simile 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but ‘the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. Meee eS 


-iancga the following timing equation is being evaluated, | ic sate aa ; 
Tain) + Tamax) < 150 ns : poesia 


and only minimum specifications exist for Ta and Tg. If Tain) is used, and if Ta and Tg are tracking parameters, 
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| Tain) + (Taminy’ + 50 ns) < 150 ns | 
*if Ta and Tg are tracking parameters ) | tia 
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Figure 13. Detailed System Interface Schematic 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE 
(8257: Ta = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


8080 Bus Parameters 
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A.C. CHARACTERISTICS—DMA (MASTER) MODE 
(8257: Ta = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Vcc = 5.0V +10%, GND = OV) 
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PROGRAMMABLE INTERRUPT CONTROLLER 


= iAPX 86, iAPX 88 Compatible a Individual Request Mask Capability 
= MCS-80°, MCS-85® Compatible a Single +5V Supply (No Clocks) 

a Eight-Level Priority Controller w 28-Pin Dual-in-Line Package | 

a Expandable to 64 Levels a Available in EXPRESS 


- Standard Temperature Range 
- Extended Temperature Range 
The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 


cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


The 82594 is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 


a Programmable Interrupt Modes 


INTA INT 


CASCADE 
BUFFER/ 
COMPARATOR 


INTERNAL BUS 


Figure 1. Block Diagram : Figure 2. Pin Configuration 


Inte! Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
' ©INTEL CORPORATION, 1980 2-120 e AFN-00221C 
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Table 1. Pin Description 


Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 


tt ee SSS Write: Alow on this pin when CS is low enables the 8259A to accept command words from the CPU. 


ae Read: Alow on this pin when CS is low enables the 8259A to release status onto the data bus for the 
CPU. 


Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 


Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 


/O | Slave Program/Enable Buffer: Thisis a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 
interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU, thus it is connected to the CPU's interrupt pin. 

IRo-!R7 Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 

INTA interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 


The most common method of servicing such devices is 
the Polled approach. This is where the processor must 

test each device in sequence and in effect ‘‘ask’’ each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 


A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
- would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 


-This method is called /nterrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred 
to as a ‘service routine’. The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can “point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 


The 8259A 


The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A’s (up to 64 levels). 
It is programmed by the system’s software as an 0 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 
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match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 


CPU-DRIVEN 
MULTIPLEXOR 


Figure 3b. Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 


IN-SERVICE REGISTER (ISR) 


The interrupts at the IR input lines are handled by two 


registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels. 
which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and strobed 
into the corresponding bit of the ISR during INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. The 
Von level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 8259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 


READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (iICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. | 


WR (WRITE) 


A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 


RD (READ) 


A LOW on this input enables the 8259A to send the . 


status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
interrupt level onto the Data Bus. 
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Figure 4a. 8259A Block Diagram 
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Figure 4b. 8259A Block Diagram 


Ay 
This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 


registers, as well as reading the various status registers 


of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFERICOMPARATOR 


This function block stores and compares the IDs of all 
8259A’s used in the system. The associated three |/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO0-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See‘section ‘Cascading the 
8259A.””.) 


INTERRUPT SEQUENCE 


The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during.an interrupt depends on 
the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: 

1.One or. more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 


3. The CPU acknowledges the bieels and responds with an 


INTA pulse. 


4. Upon receiving an INTA. from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 


6. These two INTA pulses allow the 82594 to release its 
preprogrammed subroutine address onto the Data 

. Bus. The lower 8-bit' address is released at the first 
INTA pulse and: and the higher 8-bit address is re- 

_ leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEO! mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 


The events occurring in an iAPX 86 system are the same 
until step 4. 


4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 


5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 


| 6. This completes the interrupt cycle. In the AEOI mode 


the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI.command is issued at the end of the 
interrupt subroutine. 


If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an lia level 7 
was requested. 


INTA INT 


(A Prionsry 
RESOLVERT. 


“INTERNAL BUS 


Figure 4c. 8259A Block Diagram 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


Uy 


D,-Dy INT INTA 
caso 


CASCADE 
LINES CAS ade 


CAS 2 IRQ IRQ IRQ IRQ !RQ IRQ IRQ IRQ 
SP/EN ; et 4 3 2 1 0 


SLAVE PROGRESS/ 


REQUESTS 


Figure 5. 8259A Interface to Prangane 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MCS-80®, MCS-85°® 


This sequence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 


Content of First Interrupt 
Vector Byte 


D7 D6 D5 D4 D3 D2 D1 DO 


During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A;-A7 are programmed, while Ao- 
Ag are automatically inserted by the 8259A. When Inter- 
val = 8 only Ag and A? are programmed, while Aj-As are 
automatically inserted. 


Content of Second interrupt 
Vector Byte 


interval = 4 
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During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ag—A\js), is 
enabled onto the bus. 


Content of Third Interrupt 
Vector Byte 


07 06 DS D4 D3 D2 D1 DO 


iAPX 86, iAPX 88 


iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 


as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 
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not issue any data to the processor and leaves its data bus : 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
As-A11 are unused in iAPX 86 mode): 


Content of Interrupt Vector Byte 
for iAPX 86 System Mode 


easy | bo | 
recep ee pe ee 
phe | Tr | te | te |e [18] ee 
Lins | tr | te) 15 | m4 | Ts fy | os ht 
Te cS PO Pee 
pine | ty | ve | 16 | 4 [13 | Oe 
Pe Oe Re ee eee eS 
panes: fore te 1-16. | 4 |: aad Oeste Oradaate 
pewmon] ty [oreo] ne: | re Te: [he ioe ae 


PROGRAMMING THE 8259A 


The 8259A accepts two types of command words gener- 
ated by the CPU: 


1. Initialization Command Words (iC Ws): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 8259A anytime after 
initialization. 


INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with AO=0 and D4=1, 
this is interpreted as Initialization Command Word 1 


(ICW1). ICW1 starts the initialization sequence during 

which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 


. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

. The slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is set to 
IRR. 7 

. If 1C4=0, then all functions selected in ICW4 are set to 

zero. (Non-Buffered mode’, no Auto-EOI, MCS-80, 85 

system). 


Oo 2 0 & 


=n 


*Note: Master/Slave in iICW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 


-(ICW1, iCW2) 


As-Aj5: Page starting address of service routines. in an 


MCS 80/85 system, the 8 request levels will generate 


CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 


The address format is 2 bytes long (Ap-A;5). When the 


routine interval is 4, Ag-A,4 are automaticaliy inserted by 
the 8259A, while A;-A;s5 are programmed externally. 
When the routine interval is 8, Ag-As are automatically 
inserted by the 8259A, while Ag-A;.5 are programmed 
externally. 


The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 


in an iAPX 86 system A;5—A 4 are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. Ayg—-As are ignored and ADI (Address interval) has 
no effect. 


LTIM: If LTIM=1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 


ADI: CALL address interval. ADI =1 then interval = 4; 
ADI =0 then interval = 8. 


SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL= 1 no ICW3 will be issued. 


iC4: If this bit is set — ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 


NO (SINGL = 1) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


Figure 6. Initialization Sequence 
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INITIALIZATION COMMAND WORD 3 (iCW3) 


This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL=0. It will load the 8-bit slave register. The 
functions of this register are: | 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S=1 in ICW4) a ‘1” is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 


~ b. In the slave mode (either when SP=0, or if BUF =1 


and M/S=0 in ICW4) bits 2-0 identify the siave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (iC W4) 


SFNM: If SFNM=1 the special fully nested mode is 


programmed. 


- BUF: If BUF =1 the buffered mode is programmed. In 


buffered mode SP/EN becomes an enable outp 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S=1 means the 
8259A is programmed to be a master, M/S=0 
means the 8259A.is programmed to be a slave. If 
BUF =0, M/S has no function. 


AEOI: If AEOl=1 the automatic end of interrupt mode 


is programmed. 


uPM: Microprocessor mode: PM = 0 sets the 8259A for 


MCS-80, 85 system operation, wPM = 1 sets the 
8259A for iAPX 86 system operation. 
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a 


to le PO OF Oye Dey By oO, Ones 
: : : 1 ICW4 NEEDED 
: 0 = NO ICW4 NEEDED 


1 = SINGLE 
“0 = CASCADE MODE 


CALL ACORESS INTERVAL 
1= INTERVAL OF 4 
O= INTERVAL OF 8 


EVEL TRIGGERED MODE 
DGE TRIGGERED MODE 


A7-Ag of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


1cw2 


Wp Bad Og st Oy oR Re Oy Oy 
a, ne cay a ee "i 
TH] /To] /Ts] Ta] 713 


A,5-Ag OF INTERRUPT 

VECTOR ADDRESS 
(MCS80/85 MODE) 

T,-T3 OF INTERRUPT 


ICW3 (MASTER DEVICE) _ VECTOR ADDRESS 
(8086/8088 MODE) 


We OG Oe Sag a a ope = See 
1= IR INPUT HAS A SLAVE 


0 = IR INPUT DOES NOT HAVE 
A SLAVE 


ICW3 (SLAVE DEVICE) 


hp es Sr Bl Oe ie 


icwa 
Ao O07 Oe O05 O04 
1 = 8086/8088 MODE 
O = MCS-80/85 MODE 


1 AUTO EO! 
0 = NORMAL. EOI 


— X__] - NON BUFFERED MODE 
~0_| - BUFFERED MODE/SLAVE 
r 1 | 1 |- BUFFERED MODE/MASTER 


1 = SPECIAL FULLY NESTED 
. MODE > 
; 0 = NOT SPECIAL FULLY 


NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING NESTED MODE 
MASTER IR INPUT. : ; 


Figure 7. Initialization Command Word Format : 


Ne Ri Whats cee Ete igs hi, at ee) | ae “ts - Stab oda BS St lating aw ese tiiye FR OS, Cee ci iy Pees Saas 
FRET ME PE ae Eg | Ee oes SW eee ae pe Ss a AS Zs Le Vi Tw mew erR ls poe Cece pene y ce hee 
Te, Sn Me See BY Sp oe Foes eee De he era en Se BSS, PSE MOREE ona Tee CR Po RRO gee oe 
Agree oe Sie Be ee | hee Bo 290 5a eee at Oe aie y Dera eat EIA. Hens 
, a 23 Uky-3 a! Peuy Se Te aS ei ae AS oan f ay oe 
225 seh i Pye ‘4 a 4 Sa ge eens 
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OPERATION COMMAND WORDS (OCWs) 


After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 
AO D7 D6 D5 D4 D3. «02 D1 DO 
[+] M7 M6 MS M4 M3 M2 M1 MO 


% 


ocw2 
[0 | eo oo Ot 


ocws 
[0 ] 0 ESMM SMM 0 71. PRR AIS 


OPERATION CONTROL WORD 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7— Mo represent the eight mask 
bits. M=1 indicates the channel is masked 
(inhibited), M=0 indicates the channel is enabled. 


' OPERATION CONTROL WORD 2 (OCW2) 


R, SL, EOI — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 


Lo, L}, Lo —These bits determine the interrupt level acted 
upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM=0O the SMM bit becomes a 
“don’t care’”’. 


SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM=1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. - 
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NON-SPECIFIC EOICOMMAND 
SPECIFIC EO| COMMAND 

ROTATE ON NON-SPECIFIC EO| COMMAND 
ROTATE IN AUTOMATIC EO! MODE (SET) 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
*ROTATE ON SPECIFIC EO| COMMAND 
*SET PRIORITY COMMAND 

NO OPERATION 


ocw3 
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FULLY NESTED MODE | 


This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 


ly, a bit of the Interrupt Service register (ISO-7) is set. 


This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will. generate an interrupt (which will be 


~ acknowledged only if the microprocessor internal Inter- 


rupt enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 


-END OF INTERRUPT (EO!) 
_ The In Service (IS) bit can be reset either automatically 


following the trailing edge of the last in sequence INTA 


- pulse (when AEOI bit in ICW1 is set) or by a command 


word that must be issued to the 8259A before returning 
from a service routine (EO! command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 


Specific. When the 8259A is operated in modes which 


preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EO! 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest |S level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EO! = 1, SL = 0, R = 0). 


When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCW2 (EOI = 1, SL = 1, R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EO! if the 
8259A is in the Special Mask Mode. 


AUTOMATIC END OF INTERRUPT (AEOl) MODE 


if AEOI = 1 in ICW4, then the 8259A will operate in AEO! 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EO! operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 


_ interrupt structure is not required within a single 8259A. 


The AEOI mode can only be used in a master 8259A and 
not a slave. 
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AUTOMATIC ROTATION 
(Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and ‘in service” status 
is: 


Before Rotate (IR4 the highest priority requiring service) 


1S7 IS6 1S5 IS4 IS3 IS2 1S1 ISO 
EVRA RARER SSORP ES 


Lowest Priority Highest Priority 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


"IS" Status 


Priority Status 


IS7 IS6 ISS 1S4 1S3 IS2 IS1 ISO 
po Pts) eee) yee ey 


Highest Priority Lowest Priority 


HESwy ES cae REE 


“IS” Status 


Priority Status 


There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOl Command 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1, SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 


SPECIFIC ROTATION 
(Specific Priority) 


The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R = 1,SL = 1; LO-L2 is the binary priority level code of the 
bottom priority device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EO! command 
in OCW2 (R = 1, SL = 1, EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 


INTERRUPT MASKS 


Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 


ture during its execution under software control. For. 


example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. é 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enabie 
them 


That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from a// other levels (lower as well as higher) that 
are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the mask register. 
The special Mask Mode is set by OCW3 where: 


SSMM=1, SMM=1, and cleared where SSMM=1, 
SMM =0. 


POLL COMMAND 


In this mode the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poli command. 


The Poll command is issued by setting P = ‘'1” in OCW3. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD=0, CS=0) as an interrupt acknowledge, sets the 


| appropriate IS bit if there is a request, and reads the 


priority level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


W0-We: Binary code of the highest priority level — 


requesting service. 
1: Equal to a “1” if there is an interrupt. 


This mode is useful if there is a routine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 


LTIM BIT 
0 = EDGE 


TO OTHER PRIOATY CELLS 


1=LEVEL 


PRIORITY 


em RESOLVER 
CONTROL 
LOGIC 
iR | >> ¥ 
Oo Q 
INTA 
MCS-80, 85 ; 
MODE CUR 
FREEZE INTERNAL 
DATA BUS 
ws x fac 
7 o & ri o?2 
INTA - os = «20 
\APX 86 rs < = Sin 
MODE rd 7 3 co 
FREEZE 
NOTES 
1. MASTER CLEAR ACTIVE ONLY DURING ICWI 
2. FREEZE/ IS ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY 
3. TRUTH TABLE FOR O-LATCH 
c Oo Q OPERATION 
1 | Oi | oi FOLLOW 
Qo x !  Qn-1 HOLD 
Figure 9. Priority Cell—Simplified Logic Diagram 
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_ READING THE 8259A STATUS 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMR}). 


Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 


In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked: 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0.) 
The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A ‘‘remembers”’ 
whether the IRR or ISR has been previously selected by 
the OCWS3. This is not true when poll is used. 


After initialization the 8259A is set to IRR. 


For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO =1 
(OCW). 


Polling overrides status read when P = 1, RR = 1 in OCWS. 


INTA 


LATCH’ EARLIEST IR 
ARMED CAN BE REMOVED 


EDGE AND LEVEL TRIGGERED MODES 


This mode is programmed using bit 3 in ICW1. 


lf LTIM = ‘0’, an interrupt request will be recognized bya 
low to high transition on an IR input. The IR input can re- 
main high without generating another interrupt. 


If LTIM = ‘1’, an interrupt request will be recognized by a 
‘high’ level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for ‘‘clean up’’ 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normal IR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the |R7 routine 
was previously entered. If another IR7 occurs it is a 
default. 


8080/8085 


LATCH’ 
“EDGE TRIGGERED MODE ONLY ARMED 


Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using |CW4). 
This mode is similar to the normal hested mode with the 
following exceptions: 


a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master’s 
priority logic and further interrupt requests from 
higher priority IR’s within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EO! should be 
sent. 


BUFFERED MODE 


When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 


The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 


mode, whenever the 8259A’s data bus outputs are ena- 
bled, the SP/EN output becomes active. 


This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 


CASCADE MODE 


The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 


The cascade lines of the Master 8259A are activated only 
for slave inputs, non siave inputs leave the cascade line 
inactive (low). 


ADORESS BUS (16) 


CONTROL BUS 


SLAVE B MASTER 


SP/ENM7 M6 MS M4 M3 M2 M1 MO 


INTERRUPT REQUESTS 


~ Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘Absolute 
Ambient Temperature Under Bias .......... 0°C to 70°C Maximum Ratings” may cause permanent damage to the 
‘Storage Temperature .............. —65°C to + 150°C device. This is a stress rating only and functional opera- 
Voltage on Any Pin tion of the device at these or any other conditions above 
with Respect to Ground ............. —0.5V to+7V those indicated in the operational sections of this specifi- 
POM EMOMIOGLION £50 'c0<. sec ccetsucvwes ees 1 Watt cation is not implied. 


D.C. CHARACTERISTICS = [T, = 0’Cto 70°C, Voc = 5V +5% (8259A-8), Voc = 5V + 10% (8259A, 8259A-2)] 


[Syme [ Parameter) Test Conditions 
input Low Vartags eee To 


win. 
ins 
[in| Input High Vottage [2.07 

[Vou [Output Low vottage ion = 220A 
[You | Output High Vonage [24 
weed 
Rapee 
eT aae 
Mages 


Interrupt Output High 
VOH(INT) Voltage 


Input Load Current 
Output Leakage Current 
Voc Supply Current 


IR Input Load Current 


*Note: For Extended Temperature EXPRESS V,,, = 2.3V. 


CAPACITANCE (Tg = 25°C; Vcc = GND = OV) 


| Min. Max. | Unit | Test Conditions 
I/O Capacitance pia | DBS aye apres g Unmeasured pins returned to Vss 


A.C. CHARACTERISTICS [T, = 0°C to 70°C, Veg = 5V +5% (8259A-8), Voc = 5V + 10% (8259A, 8259A-2)] 


Test Conditions . 


TIMING REQUIREMENTS 


o 
id 
on 
© 
> 
Ls) 


Parameter 


a 
AO/CS Setup to WR! 
AO/CS Hold after WRt 


Cascade Setup to Second or Third 
INTA) (Slave Only) 


End of RD to next RD 
End of INTA to next INTA within 
an INTA sequence only 


TWHWL | End of WR to next WR 


See Note 1 
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o 
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a Pe : 
A.C. CHARACTERISTICS (Continued) ee 
Parameter . 
End of Command to next Command 
*TCHCL al 
(Not same command type) mf 
End of INTA sequence to next a4 
INTA sequence. - 
“Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6us, RASS 
8085A-2 = 1s, 8086 = 1s, 8086-2 = 625 ns) | ; ices 
NOTE: This is the low time required to clear the input latch in the edge triggered mode. ; nae yes 
TIMING RESPONSES . anne aaa 


Test Conditions oar tices 
C of Data Bus=| a 
100 pF eer 
C of Data Bus sre 


Max text C = 100 pF 
Min. test C = 15 pF 


Cint = 100 pF =. : oe 
(Master Only) Semertoes ga 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT ae a * a 
INPUT/OUTPUT : 
2.0 DEVICE = ae 
> TEST POINTS ce “TEST. Mer as 
: 0.8 : See 
0.45 : Bayete ae 
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” ‘ 
AND 0.8V FOR A LOGIC “0.” C. = 100 pF ee 
C, INCLUDES JIG CAPACITANCE Bcc | 
ae 
WAVEFORMS | = 
mea 
WRITE a -—____—— TWLWH é ts $ 


' a, oe 
TAHWL TWHAX pee eds 


e “ae. i 


ho = 
TOVWH - TWHDX Pee eee 

vs : | = : | 7 . : : 
j athe re % 4 
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Interrupt output must remain HIGH at least until leading edge of first INTA. 


1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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8355/8355-2 
16,384-BIT ROM WITH I/O 


/ 


= 2048 Words x 8 Bits = Each I/O Port Line Individually 


Programmable as Input or Output | 
= Single +5V Power Supply 


a Multiplexed Address and Data Bus 
® Directly Compatible with 8085A 


and iAPX 88 Microprocessors # internal Address Latch 


= 2 General Purpose 8-Bit I/O Ports a 40-Pin DIP 


The Intel® 8355 is a ROM and I/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM portion is 


organized as 2048 words by 8 bits. It has a maximum access time of 450 ns to permit use with no wait states in the 8085A 
CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 lines and each I/O port line is individually pro- 
grammable as input or output. 


The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and 5 MHz iAPX 88 microprocessors. 


PBy~7 


Vgg (OV) 


“For 8755A compatibility, pin 5 should be directly tied to VCC. 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


oa Name and Function 


ae Latch Enable: When high, ADo_7, 1O/M, Ag—10, CE2, and CE; enter the address latches. The signals 
he ae 1/OM, As—1o0, CEo, CE;) are latched in at the trailing edge of ALE. 

Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the bus lines when 
ALE is high. During an I/O cycle, Port A or B is selected based on the latched value of ADo. If RD or IOR is low when 
the latched Sin enables are active, the output buffers present data on the bus: 


Chip Enable Inputs: CE; is active low and CE is active high. The 8355 can be accessed only when BOTH Chip 
Enables are active at the time the ALE signal latches them up. If either Chip Enable input is not active, the 
ADo—7-and READY outputs will be in a high impedance state. 


1/0 Memory: /f the latched IO/M is high when RD is low, the output data comes from an 1/O port. If it is low, the out- 
put data comes from the ROM. 


Read: /f the latched Chip Enables are active when RD goes low, the ADo—7 output buffers are enabled and output 
either the selected ROM location or I/O port. When both RD and IOR are high, the ADp_7 output buffers are 3-stated. 


1/O Write: If the latched Chip Enables are active, a low on IOW causes the output port pointed to by the latched 
value of ADpo to be written with the data on ADp_7. The state of IO/M is ignored. 


Clock: Used to force the READY into its high impedance state after it has been forced low by CE; low, CEahigh 
and ALE high. 


Bente Paes A 3-state output controlled by CE,, CE2, ALE and CLK. READY is forced low when the Chip Enables are 
shire during the time ALE is high, and remains low until the rising edge of the next CLK. 


bof 7 /O | Port A: General purpose I/O pins. Their input/output direction is determined by the contents of Data Direction 
Register (DDR). Port A is selected for write operations when the Chip Enables are active and IOW is low anda 
0 was previously latched from ADo, AD;. 


Read operation is selected by either IOR low and active Chip Enables and AD and AD, low, or 1O/M high, RD 


low, active chip enables, and ADo and AD,, LOW. 


PBo—7 /O | Port B: This general purpose I/O port is identical to Port A except that it is selected by a 1 latched from ADo 
and a0 from AD. 

RESET Pe dco Reset: An input high causes ail pins in Port A and B to assume input mode. (Clear DER Register). 
1/0 Read: When the Chip Enables are active, a low on IOR will output the selected I/O port onto the AD bus. IOR low. 
performs the same function as the combination IO/M high and RD low. When IOR is not used in a system, |IOR 
should be tied to Vcc (‘1’). 


Weer! po) Voltage: +5 volt supply. ) 
oes Ss Ground: Ground Reference. 
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FUNCTIONAL DESCRIPTION 
ROM Section 


: The 8355 contains an 8-bit address latch which allows it 
_ to interface directly to MCS-48, MCS-85, and iAPX 88/10 


Microcomputers without additional hardware. 


The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables 
are active and !O/M is low when RD goes low, the contents 
of the ROM location addressed by the latched address 
are put out through ADo-7 output buffers. 


1/O Section 


The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A “0” in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is 
in the input mode. A “1” in a particular bit position signi- 
fies that the corresponding !/O port bit is in the output 
mode. In this manner the !/O ports of the 8355 are bit-by- 
bit programmable as inputs or outputs. The table sum- 
marizes port and DDR designation. DDR’s cannot be 
read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADo-1. During this operation all I/O bits 
of the selected port are affected, regardless of their |/O 
mode and the state of 1O/M. The actual output level does 
not change until |OW.returns high (glitch free output). 


A port can be read out when the latched Chip Enables are 


- active and either RD goes low with 1O/M high, or IOR 


goes low. Both input and output mode bits of a selected 
port will appear on lines ADo-7. 


To clarify the function of the |1/O ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out- 
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 
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_ OUTPUT 
LATCH 
D Q 


OUTPUT. 
ENABLE 


INTERNAL DATA BUS 


RESET 
WRITE DDRA 


READ PA 


WRITE PA = (IOW=0) © (CHIP ENABLES ACTIVE) (PORT A ADDRESS SELECTED) 
WRITE DDR A = (i0W=0) @ (CHIP ENABLES ACTIVE) @ (DDR A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (RD=0)] + (]OR=0) } © (CHIP ENABLES ACTIVE) @ (PORT A ADDRESS SELECTED) 


NOTE: WRITE PA IS NOT QUALIFIED BY 10/M. 
Figure 3. 8355 One Bit of Port A and DDR A 


SYSTEM APPLICATIONS 
System Interface with 8085A and iAPX 88. 


A system using the 8355 can use either one of the two 
1/O Interface techniques: 


e Standard I/O 
e Memory Mapped |/O 


If a standard I/O technique is used, the system can use 
the feature of both CE, and CE. By using a combina- 
tion of unused address lines A;;_15 and the Chip 
Enable inputs, the system can use up to 5 each 8355’s 
without requiring a CE decoder. See Figure 5a and 5b. 


if a memory mapped I/O approach is used the 8355 will 
be selected by the combination of both the Chip En- 
ables and |O/M using ADg_j5 address lines. See Figure 
4. 


CLK (62) 
READY 
10/M 


ADy, Agio RD CLK I0/M 
ALE iOW READY CE 


8355 


Figure 4. 8355 in 8085A System 
(Memory-Mapped 1/0) 
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IAPX 88 FIVE 
-® 1.25 K Bytes RAM nits 
e 2K Bytes ROM | | fers 
° 38 I/O Pins . 
e 1 Internal Timer 
e 2 Interrupt Levels 
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Figure 5a. IAPX 88 Five Chip System Configuration _ 
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NOTE: Use CE, for the first 8355 in the system, and CEo for the other 8355's. Permits up to 5-8355’s in a system without CE decoder. sr ae : 
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Figure 5b. 8355 in 8085A System (Standard I/O) Sh ema: 
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ABSOLUTE MAXIMUM RATINGS* 


— 


> 


; device. This is a stress rating only and functional opera- 
Temperature Under Bias ................ 0°Cto+70°C tion of the device at these or any other conditions above 


Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi- 

Voltage on Any Pin : cation is not implied. Exposure to absolute maximum 
With RespecttoGround ............... -0.5V to +7V rating conditions for extended periods may affect device 

Power Dissipation ......... eg Sen Wee ree Skee 1.5W reliability. ee 


D.C. CHARACTERISTICS (tq = 0°C to 70°C; Voc = 5V + 5%) 


[Symbot | Poremewer [win | Max | Unt | Test Gondiions 


Output High Voltage 


| Output High Voltage =| 2.4 
Input Leakage eecerert 


lon = -400uA 
OV <= Vin S Voc 
0.45V <Vout <Vec 


MV 
Vi 


Output Leakage Current 
Vec Supply Current 


A.C. CHARACTERISTICS (tT, =0°C to 70°C; Voc = 5V + 5%) 


| 320 | 


Ty | CLK Pulse Wien 8 
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ese 
SA 


OL 

OH 
he 
ILo 
Icc 
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Oo 


Address Hold Time after Latch 
Latch to READ/WRITE Control 
Valid Data Out Delay from READ Control* 


tad Address Stable to Data Out Valid** 
LL Latch Enable Width 


to.___| READ/WRITE Control toLatchEnable | 20) | 
tow. | Data in to WiteSet Uptime igo aso 
[two | Data in Hold Time-ater wRITE af Pte 


170 


1 
300 


a 
oO 


in: 
70 
30 
70 


Comal 


idee 
ane 3S 
ame 
eae 
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Sal 
se BE 

450 

100 


nas 
i=) 
on 


Port inputHold Time ——SSSSSC*dtCi 

ADDRESS (CE) to READY Laas 
Recovery Time Between Controls 300 eae 
aire 


READ Control to Data Bus Enable 


*Or Tap-(Tat + Tic), whichever is greater. 


**Defines ALE to Data out Valid in conjunction with TAL. 


\ 
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*NOTICE: Stresses above those listed under ‘‘Absolute 3 
Maximum Ratings’’ may cause permanent damage to the. 


twe WRITE to Port Output Ss acd A baie ee. 
tpr : 
trRP 


INPUT/OUTPUT 


2.0 


ge TEST POINTS ~~ 


i 0.8 
0.45 


‘A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 


A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 
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WAVEFORMS 
ROM READ AND I/O READ AND WRITE 


Piero! sd 


_ ADDRESS 
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A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


C, = 150 pF 


C, INCLUDES JIG CAPACITANCE 


taL 


8355 CLOCK SPECIFICATIONS 
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OUTPUT MODE 
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GLITCH FREE 


Lea OUTPUT 


PORT 
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DATA* 
BUS 


*DATA BUS TIMING IS SHOWN IN FIGURE 4. 


WAIT STATE | 
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CLK : | 4 oe 
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8755A/8755A-2 
16,384-BIT EPROM WITH I/O 


a 2048 Words x 8 Bits = 2 General Purpose 8-Bit 1/O Ports 


ba Spe ~~ ar ae 2.4 Aves) <z:~ os Ate ees — =. 3 ,. 2 ~e SA ea oe eee ~~ eA ee se Sn © 4 /* aay EL 
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Programmable as Input or Output 
® Directly Compatible with 8085A 


. and 8088 Microprocessors = Multiplexed Address and Data Bus 


a U.V. Erasable and Electrically = 40-Pin DIP 


Reprogrammable a Available in EXPRESS 
- Standard Temperature Range 
a Internal Address Latch - Extended Temperature Range 


The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 8085A and 
iAPX 88 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 450 ns to permit use with no wait states in an 8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 


The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the 5 MHz iAPX 88 
microprocessor. 


PROG AND CE, 


iow CO 8755A/ 


Figure 1. Block Diagram Figure 2. Pin Configuration 


a a a i ad ee ee eS 
Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ave Implied. 
© INTEL CORPORATION, 1980 
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8755A/8755A-2 


PROG/CE, 
CEs 


Table 1. Pin Description 


Address Latch Enable: When Address 
Latch Enable goes high, ADo-7, lo/M, 
Ag—1o0, CE2, and CE, enter the address 


‘latches. The signals (AD, lO/M ADs—10, 


CE2, GE;) are latched in at the trailing 
edge of ALE. 


Bidirectional Address/Data Bus: The 
lower 8-bits of the PROM or I/O address 
are applied to the bus lines when ALE is 
high. 


During an I/O cycle, Port A or B is 
selected based on the latched value of 
AD,. IF RD or IOR is low when the latched 
Chip Enables are active, the output buf- 
fers present data on the bus. 


Address Bus: These are the high order 
bits of the PROM address. They do not 
affect I/O operations. 


Chip Enable Inputs: CE; is active low 
and CE is active high. The 8755A can be 
accessed only when both Chip Enables 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the ADg-7 and 
READY outputs will be in a high impe- 
dance state.CE, is also used as a pro- 
gramming pin. (See section on 
programming.) 


1/0 Memory: If the latched |O/M is high 
wien RD is low, the output data comes 
from an I/O port. If it is low the output 
data comes from the PROM. 


Read: If the latched Chip Enables are 
active when RD goes low, the ADo—7 
output buffers are enabled and output 
either the selected PROM location or I/O 
port. When both RD and IOR are high, 
the ADp—7 output buffers are 3-stated. 


1/O Write: If the latched Chip Enables are 
active, a low on IOW causes the output 
port pointed to by the latched value of 
ADo to be written with the data on ADo_7. 
The state of IO/M is ignored. 


Clock: The CLK is used to force the 
READY into its high impedance state 
after it has been forced low by CE, low, 
CE> high, and ALE high. 


Name and Function 


Ready is a 3-state output controlled by 
GE;, CE2, ALE and CLK. READY is forc- 
ed low when the Chip Enables are active | 
during the time ALE is high, and re- 
mains low until the rising edge of the 
next CLK. (See Figure 6c.) 


Port A: These are general purpose |/O 
pins. Their input/output direction is de- 
termined by the contents of Data Direc- 
tion Register (DDR). Port Ais selected for 
write operations when the Chip Enables 
are active and |OW is low and a 0 was 
previously latched from ADo, AD}. 


Read Operation is selected by either 1OR- 
low and active Chip Enables and ADo 
and AD, low, or 1O/M high, RD low, active 
Chip Enables, and ADg and AD, low. 


Port B: This general purpose |/O port is 
identical to Port A except that it is 
selected by a 1 latched from AD and a0 
from AD. 


Reset: In normal operation, an input 
high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR 
register). 
1/0 Read: When the Chip Enables are 
active, a low on IOR will output the 
selected I/O port onto the AD bus. IOR_ 
low performs the same function as the | 
combination of 10/M high and RD low. 
When IOR is not used in a system, TOR 


oe should be tied to Vcc (‘‘1”). 


ves |_| Power: Svottsupp 
ig | Pose ee 


Power Supply: Vpp is a programming 


voltage, and must be tied to Vcc when |. 
the 8755A is being read. 


For programming, a high voltage is 
supplied with Vpp = 25V, typical. (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 
PROM Section 


The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 


The PROM section of the chip is addressed by the 11-bit 
address and the Chip Enables. The address, CE, and 
CE, are latched into the address latches on the falling 
edge of ALE. If the latched Chip Enables are active and 
lIO/M is low when RD goes low, the contents of the 
PROM location addressed by the latched address are 
put out on the ADg.7lines (provided that Vpp is tied to 
Vec:) 


ie Section 


The 1/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A “0” in a particular bit posi- 
tion of a DDR signifies that the corresponding I/O port bit 
is in the input mode. A “1” in a particular bit position signi- 
fies that the corresponding |/O port bit is in the output 
mode. In this manner the I/O ports of the 8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR’s cannot be 
read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When !OW goes low and the Chip Enables are active, 
the data on the ADp_7 is written into I/O port selected 
by the latched value of ADp_.;. During this operation all 
I/O bits of the selected port are affected, regardless of 
their 1/0 mode and the state of |O/M. The actual output 
level does not change until {OW returns high. (glitch free 
output) 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with |O/M high, or |OR goes 
low. Both input and output mode bits of a selected port 
will appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 
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8755A 
ONE BIT OF PORT A AND DOR A: 


OUTPUT 
LATCH 
0 Q 


OUTPUT 
ENABLE 


INTERNAL DATA BUS 


WRITE DDR A 


READ PA 


WRITE PA = (IOW=0) e (CHIP ENABLES ACTIVE) © (PORT A ADDRESS SELECTED) 
WRITE DOR A = (10W=0) © (CHIP ENABLES ACTIVE) e (O0R A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (AD=0)) + (1OR=0) } © (CHIP ENABLES ACTIVE) ¢ (PORT A ADDRESS SELECTED) 


NOTE: WRITE PA IS NOT QUALIFIED BY 10/M. 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 


TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 


MODULE NAME USE WITH 


UPP 955 UPP(4) 

UPP UP2(2) UPP 855 
PROMPT 975 PROMPT 80/85(3) 
PROMPT 475 PROMPT 48(1) 


NOTES: 
1. Described on p. 13-34 of 1978 Data Catalog. 
2. Special adaptor socket. 
3. Described on p. 13-39 of 1978 Data Catalog. 
4. Described on p. 13-71 of 1978 Data Catalog. 


AFN-00843D 


* a re g = 2 3g"? «2 ee : - ~ 
Ce ee =. ae = Fo Be oe, + eae ae 
Ws See ot Gi ee ee ae ¥ ¢ 


8755A/8755A-2 


ERASURE CHARACTERISTICS _— : 


The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 


The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000uW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 


PROGRAMMING 


Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the “1” state. Information is 
introduced by selectively programming “0” into the 


desired bit locations. A programmed “0” can only be. 


changed to a “1” by UV erasure. 


The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A’s and 8755’s are shown in Table 1. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) ‘Vpp' should 
be at +5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 7. 
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SYSTEM APPLICATIONS 


System Interface with 8085A and iAPX 88 
A system using the 8755A can use either one of the two I/O 
Interface techniques: 


e Standard |/O 
e Memory Mapped |/O 


lf a standard I/O technique is used, tre system can use > 


the feature of both CE, and CE;. By using a combina- 
tion of unused address lines A;;_1;5 and the Chip 
Enable inputs, the 8085A system can use up to 5 each 
8755A’s without requiring a CE decoder. See Figure 4a 
and 4b. | 


If a memory mapped I/O approach is used the 8755A will 
be selected by the combination of both the Chip 
Enables and IO/M using ADg_is5 address lines. See 
Figure 3. 


A. SAS 


RD CLK  10/M 
ALE (OW READY CE 


Agito 


8755A 


Figure 3. 8755A in 8085A System 
(Memory-Mapped I/O) 
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Figure 4a. iAPX 88 Five Chip System Configuration 
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3 P % i 3 : ts of , t : | “a i 4 Wie a ea 
’ . n A § , 
| intel | 8755A/8755A-2 : 
iAPX 88 FIVE CHIP SYSTEM 
Figure 4 shows a five chip system containing: 
e 1.25K Bytes RAM 
e 2K Bytes ROM 
e 38 I/O Pins 
@ 1 Interval Timer 
e 2 Interrupt Levels 
: Vss Voc 
\O/M TIMER 
neser: OUF 
me 
ae 
[ 
; 2 FATT 
SN HH | TTT 
ss aIGEE ghd dete 
GND 
| MANUAL ae [He 
eaa RESET 3 ae ] tH 
(Vss) pee 
PARE 
iS SW ee 
Wiad Ss ae ie eT 
pana RN 
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Asis 


ALE i0W READY CE, 


8755A 
(2K BYTES) 


8755A 
(2K BYTES) 


8755A 
(2K BYTES) 


8755A 
(2K BYTES) 


cE, 


ALE iOW READY 


8755A 
(2K BYTES) 


Note: Use CE, for the first 8755A in the system, and CE2 for the other 8755A’s. Permits up to 5-8755A’s in a system without CE decoder. 


Figure 4b. 8755A in 8085A System (Standard I/O) 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 


Ee . ° device. This is a stress rating only and functional opera- — 
ats Temperature Under Bias ................ 0°C to +70°C tion of the device at these or any other conditions above 
an Siorage temperature .........4;-... -65°C to +150°C those indicated in the operational sections of this specifi- 
Pees af Voltage on Any Pin cation is not implied. Exposure to absolute maximum 
apie With Respectto Ground: 2.0. ....2....05. -0.5V to +7V rating conditions for extended periods may affect device 
(2 CO Ts i a Se er eae 1.5W reliability. 


D.C. CHARACTERISTICS (Tx, = 0°C to 70°, Vec = Vpp = 5V + 5%: 
Vcc = Vpp = 5V +10% for 8755A-2) 


[svmeou| paramere | win. | max | UNITS | TESTCONDITIONS 

eee ee ee 

AC 
pone 


ce Output High Voltage V lon = -400uA 
Input Leakage Sear < 

ao Output Leakage Current =10 0.45V < Vout <Vec 

Plc Vec Supply Current 

[yo Vpp Supply Current ae Ae | 


Capacitance of Input Buffer 
Capacitance of I/O Buffer 


D.C. CHARACTERISTICS — PROGRAMMING (Ta =0°Cto70°, Voc = 5V + 5%, Vgg = OV, Vpp = 25V +1V; 
| Voc = Vpp = 5V +10% for 8755A-2) 


= saan ee = eae 


Vpp Programming Voitage (during Write 
to EPROM) 


Teg Sees Prog Supply Current 
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intel | 8755A/8755A-2 


A.C. CHARACTERISTICS = (Tg = 0°C to 70°, Voc = 5V + 5%; 
Voc = Vpop = 5V +10% for 8755A-2) _ | 


: 8755A-2 : 
(Preliminary) | | 
Symbol Parameter | Min. . 


CT _|ikPusewiathSSSC*dCi 
ae oC eee 
Address to Latch Set Up Time 2 a ee ee 

tLA Address Hold Time after Latch ee eres ae SS aes 
tao | Valid Data Out Delay from READ Gontror |_| 170 | —*| ~_140_—(| rs __ 
[tno | Ades Stable to Data Outvaie~ | «| aso] «|| 
a ee 

tRDF Data Bus Float after READ 0 a Oe ee ae ee 
ECE ce eae WE 
[igs | READWRITE Control width Feo | |p 


tow Data In to Write Set Up Time 150 


| [  350- ke 
Data In Hold Time After WRITE ae Pe eS 
WRITE to Port Output op 


/ 


” 


Port Input Set Up Time 


nn 
oO 


Port Input Hold Time to Control 
READY HOLD Time to Control 
ADDRESS (CE) to READY 


Recovery Time Between Controls 300 A Oe 200 pas 


NOTE: 

CLoap = 150pF. 

“Or Tap — (Tat + Tic), whichever is greater. 

**Defines ALE to Data Out Valid in conjunction with Ta; . 


on 
=) 


> 


A.C. CHARACTERISTICS — PROGRAMMING (Tq =0°Cto70°, Voc = 5V + 5%, Vsg = OV, Vpp = 25V +1V; 
Voc = Vpp = 5V +10% for 8755A-2) 


Data Setup Time at 
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A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST 


= TEST POINTS sh 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
A LOGIC °0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


0.8 
0.45 


CL = 150 pF 
C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


CLOCK SPECIFICATION FOR 8755A 


PROM READ, I/O READ AND WRITE 


ADDRESS 


1O/M 


tad 


AL 


R CESSR eS Sein ea eee s: 


rk es 
tie ! 
iow 


Please note that CE1 must remain low for the entire cycle. trv 


m 
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WAVEFORMS (Continued) 


1/0 PORT ! 


A. INPUT MODE 


GLITCH FREE 


Pee OUTPUT 


PORT 
OUTPUT 


* ei 


WAIT STATE (READY = 0) 


CLK 
ta, ——> \ 
(CE=1) «(CE=0) = 
ALE 
v] ‘ 
taRY = —<— tRYH 
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WAVEFORMS (Continued) | 


8755A PROGRAM MODE 


FUNCTION 
PROGRAM CYCLE VERIFY CYCLE* ————- PROGRAM CYCLE 


DATA TO BE 
A/D9.7 ADDRESS <= ‘ PROGRAMMED ee ADDRESS 


tpp —_—— 


| Sb Ee eae 
- WY __ 


PROG/CE1 


+25 


Vpp 


+5 


*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A) 
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INTRODUCTION 


This is an application note on using numerics in Intel’s 


_ iAPX 86 or iAPX 88 microprocessor family. The nu- 
- merics implemented in the family provide instruction 


level support for high-precision integer and floating 
point data types with arithmetic operations like add, 
subtract, multiply, divide, square root, power, log and 
trigonometrics. These features are provided by members 


_ of the iAPX 86 or iAPX 88 family called numeric data 


processors. 


Rather than concentrate on a narrow, specific applica- 
tion, the topics covered in this application note were 
chosen for generality across many applications. The 
goal is to provide sufficient background information so 
that software and hardware engineers can quickly move 
beyond needs specific to the numeric data processor and 
concentrate on the special needs of their application. 
The material is structured to allow quick identification 
of relevant material without reading all the material 
leading up to that point. Everyone should read the in- 
troduction to establish terminology and a _ basic 
background. 


IAPX 86,88 BASE 


The numeric data processor is based on an 8088 or 8086 
microprocessor. The 8086 and 8088 are general purpose 
microprocessors, designed for general data processing 
applications. General applications need fast, efficient 
data movement and program control instructions. Ac- 
tual arithmetic on data values is simple in general appli- 
cations. The 8086 and 8088 fulfill these needs in a low 
cost, effective manner. 


However, some applications need more powerful arith- 
metic instructions and data types than a general purpose 
data processor provides. The real world deals in frac- 
tional values and requires arithmetic operations like 
square root, sine, and logarithms. Integer data types 
and their operations like add, subtract, multiply, and 
divide may not meet the needs for accuracy, speed, and 
ease of use. 


Such functions are not simple or inexpensive. The 
general data processor does not provide these features 
due to their cost to other less-complex applications that 
do not need such features, A special processor is re- 
quired, one which is easy to use and has a high level of 
support in hardware and software. 


The numeric data processor provides these features. It 
supports the data types and operations needed and 
allows use of all the current hardware and software sup- 
port for the iAPX 86/10 and 88/10 micropracessors. 


The iAPX 86 and iAPX 88 provide two imple- 
mentations of a numeric data processor. Each offers 
different tradeoffs in performance, memory size, and 
cost. 
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One alternative uses a special hardware component, the 
8087 numeric processor extension, while the other is 
based on software, the 8087 emulator. Both component 
and software emulator add the extra numerics data 
types and operations to the 8086 or 8088. 


The component and its software emulator are com- 
pletely compatible. 


Nomenclature 


Table one shows several possible configurations 
of the iAPX 86 and iAPX 88 microprocessor family. 
The choice of configuration will be decided by the . 
needs of the application for cost and performance 
in the areas of general data processing, numerics, 
and I/O processing. The combination of an 8086 or 
8088 with an 8087 is called an iAPX 86/20 or 88/20 
numeric data processor. For applications requir- 
ing high I/O bandwidths and numeric _perfor- 
mance, a combination of 8086, 8087 and 8089 is an 
iAPX 86/21 numerics and I/O data processor. The 
same system with an 8088 CPU for smaller size 
and lower cost, due to the smaller 8-bit wide 
system data bus, is referred to as an iAPX 88/21. 
Each 8089 in the system is designated in the units 
digit of the system designation. The term 86/2X or 
88/2X refers to a numeric data processor with any 
number of 8089s. 


Throughout this application note, I will use the 
terms NDP, numeric data processor, 86/2X, and 
88/2X synonymously. Numeric processor exten- 
sion and NPX are also synonymous for the func- 
tions of either the 8087 component or 8087 
emulator. The term numeric instruction or 
numeric data type refers to an instruction or data 
type made available by the NPX. The term host will 
refer to either the 8086 or 8088 microprocessor. 


Table 1. Components Used in iI/APX 86,88 
Configurations 
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NPX OVERVIEW 


The 8087 is a coprocessor extension available to 
iAPX 86/1X or iAPX 88/1X maximum mode 
microprocessor systems. (See page 7). The 8087 
adds hardware support for floating point and ex- 
tended precision integer data types, registers, and 
instructions. Figure 1 shows the register set 
available to the NDP. On the next page, the seven 
data types available to numeric instructions are 
listed (Fig 2). Each data type has a load and store 
instruction. Independent of whether an 8087 or its 
emulator are used, the registers and data types all 
appear the same to the programmer. 


All the numeric instructions and data types of the NPX 
are used by the programmer in the same manner as the 
general data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 conform to the proposed IEEE 
Microprocessor Floating Point Standard. All the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. ! 


The numeric registers of the NPX are provided for fast, 
easy reference to values needed in numeric calculations. 
All numeric values kept in the NPX register file are held 
in the 80-bit temporary real floating point format which 
is the same as the 80-bit temporary real data type. 


All data types are converted to the 80-bit register file 
format when used by the NPX. Load and store instruc- 
tions automatically convert between the memory 
operand data type and the register file format for all 
numeric data types. The numeric load instruction 
specifies the format in which the memory operand is ex- 
pected and which addressing mode to use. 


All host base registers, index registers, segment 
registers, and addressing modes are available for 
locating numeric operands. In the same manner, the 
store instruction also specifies which data type to use 
and where the value is located when stored into 
memory. 


Selecting Numeric Data Types 


As figure 2 shows, the numeric data types are of dif- 
ferent lengths and domains (real or integer). Each 
numeric data type is provided for a specific function, 
they are: 


—Index values, loop counts, 
and small program control 
values 


16-bit word integers 


Mean Implementation Guide to a Proposed Standard for Floating 
Point”’ by Jerome Coonen in Computer, Jan. 1980 or the Oct. 1979 
issue of ACM SIGNUM, for more information on the standard. 


32-bit short integers —Large integer general 


computation 

64-bit long integers —Extended range integer 
computation 

18-digit packed —Commercial and decimal 

decimal conversion arithmetic 

32-bit short real —Reduced range and 
accuracy is traded for 
reduced memory require- 
ments 

64-bit long real —Recommended floating 
point variable type 


—Format for intermediate 
or high precision calcu- 
lations 


80-bit temporary 
real 


Referencing memory data types in the NDP is not 
restricted to load and store instructions. Some arith- 
metic operations can specify a memory operand in one 
of four possible data types. The numeric instructions 
compare, add, subtract, subtract reversed, multiply, 
divide, and divide reversed can specify a memory 
operand to be either a 16-bit integer, 32-bit integer, 
32-bit real, or 64-bit real value. As with the load and 
store operations, the arithmetic instruction specifies the 
address and expected format of the memory operand. 


The remaining arithmetic operations: square root, 
modulus, tangent, arctangent, logarithm, exponentiate, | 
scale power, and extract power use only register 
operands. 


79 NPX STACK 


NPX STATUS 
[| NPXMODE 


Figure 1. NDP Register Set for iAPX 86/20, 88/20 
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The register set of the host and 8087 are in separate 
components. Direct transfer of values between the two 
register sets in one instruction is not possible. To trans- 
fer values between the host and numeric register sets, 
the value must first pass through memory. The memory 
format of a 16-bit short integer used by the NPX is iden- 
tical to that of the host, ensuring fast, easy transfers. 


Since an 8086 or 8088 does not provide single instruc- 
tion support for the remaining numeric data types, host 
programs reading or writing these data types must con- 
form to the bit and byte ordering established by the 
NPX. 


Writing programs using numeric instructions is as sim- 
ple as with the host’s instructions. The numeric instruc- 
tions are simply placed in line with the host’s instruc- 


‘tions. They are executed in the same order as they ap- 


pear in the instruction stream. Numeric instructions 
follow the same form as the host instructions. Figure 2 
shows the ASM 86/88 representations for different 
numeric instructions and their similarity to host instruc- 
tions. 


FILD VALUE 
FIADD TABLE [BX] 
FADD ST,ST(1) 


8087 EMULATOR OVERVIEW 


The NDP has two basic implementations, an 8087 com- 
ponent or with its software emulator (E8087). The deci- 
sion to use the emulator or component has no effect on 
programs at the source level. At the source level, all in- 
structions, data types, and features are used the same 
way. 


The emulator requires all numeric instruction opcodes 
to be replaced with an interrupt instruction. This 
replacement is performed by the LINK86 program. In- 
terrupt vectors in the host’s interrupt vector table will 
point to numeric instruction emulation routines in the 
8087 software emulator. 


When using the 8087 emulator, the linker changes all the 
2-byte wait-escape, nop-escape, wait-segment override, 
or nop-segment override sequences generated by an 
assembler or compiler for the 8087 component with a 
2-byte interrupt instruction. Any remaining bytes of the 
numeric instruction are left unchanged. 
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TEMPORARY REAL 64 BITS sles | 


INTEGER: 1 


PACKED BCD: (-— 1)8(Dj7. . . Dg) 


REAL: (— 1)5(2E-BIAS) (Fo.F; ...) 
BIAS = 127 FOR SHORT REAL 
1023 FOR LONG REAL ' 
16383 FOR TEMP REAL 


Figure 2. NPX Data Types 
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When the host encounters numeric and emulated in- 
struction, it will execute the software interrupt instruc- 
tion formed by the linker. The interrupt vector table will 
direct the host to the proper entry point in the 8087 
emulator. Using the interrupt return address and CPU 
register set, the host will decode any remaining part of 
the numeric instruction, perform the indicated opera- 
tion, then return to the next instruction following the 
emulated numeric instruction. 


One copy of the 8087 emulator can be shared by all pro- 
grams in the host. 


The decision to use the 8087 or software emulator is 
made at link time, when all software modules are 
brought together. Depending on whether an 8087 or its 
software emulator is used, a different group of library 
modules are included for linking with the program. , 


If the 8087 component is used, the libraries do not add 
any code to the program, they just satisfy external refer- 
ences made by the assembler or compiler. Using the 
emulator will not increase the size of individual modu- 
les; however, other modules requiring about 16K bytes 
that implement the emulator will be automatically 
added. 


Selecting between the emulator or the 8087 can be very 
easy. Different versions of submit files performing the 
link operation can be used to specify the different set of 
library modules needed. Figure 3 shows an example of 
two different submit files for the same program using 
the NPX with an 8087 or the 8087 emulator. 


iSBC 337™ MULTIMODULE™ Overview 


The benefits of the NPX are not limited to systems 
which left board space for the 8087 component or mem- 
ory space for its software emulator. Any maximum 
mode iAPX 86/1X or iAPX 88/1X system can be up- 
graded to a numeric processor. The iSBC 337 MUL- 
TIMODULE is designed for just this function. The 
iSBC 337 provides a socket for the host microprocessor 
and an 8087. A 40-pin plug is provided on the underside 
of the 337 to plug into the original host’s socket, as 
shown in Figure 4. Two other pins on the underside of 
the MULTIMODULE allow easy connection to the 
8087 INT and RQ/GT1 pins. 


8087 BASED LINK/LOCATE COMMANDS 


LINK86 :F1:PROG.OBy, 10.LIB, 8087.LIB TO 
:F1:PROG.LNK } 
LOC86 :F1:PROG.LNK TO :F1:PROG 


SOFTWARE EMULATOR BASED 
LINK/LOCATE COMMANDS 


LINK86 :F1:PROG.OBJ, IO.LIB, E8087.LIB, 
E8087 TO :F1:PROG.LNK 
LOC86 :F1:PROG.LNK TO :F1:PROG 


Figure 3. Submit File Example 
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CONNECTOR 
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HOST BOARD 


BOARD OPTIONAL SOLDER 
(iSBC 86/12A™) MOUNT 


Figure 4. MULTIMODULE ™ Math Mounting Scheme 
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CONSTRUCTING AN iAPX 86/2X OR iAPX 
88/2X SYSTEM 


This section will describe how to design a micropro- 
cessor system with the 8087 component. The discussion 
will center around hardware issues. However, some of 
the hardware decisions must be made based upon how 
the software will use the NPX. To better understand 
how the 8087 operates as a local bus master, we shall 
cover how the coprocessor interface works later in this 
section. 


Wiring up the 8087 


The 8087 can be designed into any 86/1X or 88/1X 
system operating in maximum mode. Such a system 
would be designated an 86/2X or 88/2X. Figure 5 shows 
the local bus interconnections for an iAPX 86/20 (or 
iAPX 88/20) system. The 8087 shares the maximum 
mode host’s multiplexed address/data bus, status sig- 
nals, queue status signals, ready status signal, clock and 
reset signal. Two dedicated signals, BUSY and INT, in- 
form the host of current 8087 status. The 10K pull-down 
resistor on the BUSY signal ensures the host will always 
see a ‘‘not busy’’ status if an 8087 is not installed. 


RDY1 AEN1 ROY2 AEN2 


8087 


Adding the 8087 to your design has a minor effecton | ° | + J§9$88e8s2¢922¢ £88 2b 
hardware timing. The 8087 has the exact same timing / <<< 4 


The 8087 adds 15 pF to the total capacitive loading on 
the shared address/data and status signals. Like the 
8086 or 8088, the 8087 can drive a total of 100 pF 
capacitive load above its own self load and sink 2.0 mA 
DC current on these pins. This AC and DC drive is suf- 
ficient for an 86/21 system with two sets of data 
transceivers, address latches, and bus controllers for 
two separate busses, an on-board bus and an off-board 
MULTIBUS™ using the 8289 bus arbiter. 


Later in this section, what to do with the 8087 INT and 
RQ/GT pins, is covered. 


and equivalent DC and AC drive characteristics as a / 


host or IOP on the local bus. All the local bus logic, 
such as clock, ready, and interface logic is shared. 

Bais 
saan 


It is possible to leave a prewired 40-pin socket on the 
board for the 8087. Adding the 8087 to such a system is 
- as easy as just plugging it in. If a program attempts to 
execute any numeric instructions without the 8087 in- 
stalled, they will be simply treated as NOP instructions 
by the host. Software can test for the existence of the 
8087 by initializing it and then storing the control word. 
The program of Figure 6 illustrates this technique. 


Figure 5. System Diagram 
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WHAT IS THE iAPX 86, 88 
COPROCESSOR INTERFACE? 


The idea of a coprocessor is based on the observation 
that hardware specially designed for a function is the 
fastest, smallest, and cheapest implementation. But, it is 
too expensive to incorporate all desired functions in 
general purpose hardware. Few applications could use 
all the functions. To build fast, small, economical sys- 
tems, we need some way to mix and match components 
supporting specialized functions. 


Purpose of the Coprocessor Interface 


The coprocessor interface of the general purpose 8086 
or 8088 microprocessor provides a way to attach special- 
ized hardware in a simple, elegant, and efficient man- 
ner. Because the coprocessor hardware is specialized, it 
can perform its job much faster than any general pur- 
pose CPU of similar size and cost. The coprocessor 
interface simply requires connection to the host’s local 
address/data, status, clock, ready, reset, test and re- 
quest/grant signals. Being attached to the host’s local 
bus gives the coprocessor access to all memory and I/O 
resources available to the host. 


The coprocessor is independent of system configura- 
tion. Using the local bus as the connection point to the 
host isolates the coprocessor from the particular system 
configuration, since the timing and function of local bus 
signals are fixed. | 


Software’s View of the Coprocessor 


The coprocessor interface allows specialized hardware 
to appear as an integral part of the host’s architecture 
controlled by the host with special instructions. When 
the host encounters these special instructions, both the 
host and coprocessor recognize them and work together 
to perform the desired function. No status polling loops 
or command stuffing sequences are required by soft- 
ware to operate the coprocessor. | 


More information is available to a coprocessor than 
simply an instruction opcode and a signal to begin exe- 


cution. The host’s coprocessor interface can read a 
value from memory, or identify a region of memory the 
coprocessor should use while performing its function. 
All the addressing modes of the host are available to 
identify memory based operands to the coprocessor. 


Concurrent Execution of Host and 
Coprocessor 


After the coprocessor has started its operation, the host 
may continue on with the program, executing it in par- 
allel while the coprocessor performs the function started 
earlier. The parallel operation of the coprocessor does 
not normally affect that of the host unless the copro- 
cessor must reference memory or I/O-based operands. 
When the host releases the local bus to the coprocessor, 
the host may continue to execute from its internal in- 
struction queue. However, the host must stop when it 
also needs the local bus currently in use by the copro- 
cessor. Except for the stolen memory cycle, the opera- 
tion of the coprocessor is transparent to the host. 


This parallel operation of host and coprocessor is called 
concurrent execution. Concurrent execution of instruc- 
tions requires less total time then a strictly sequential 
execution would. System performance will be higher 
with concurrent execution of instructions between the 
host and coprocessor. 


SYNCHRONIZATION 


In exchange for the higher system performance made 
available by concurrent execution, programs must pro- 
vide what is called synchronization between the host 
and coprocessor. Synchronization is necessary whenever 
the host and coprocessor must use information available 
from the other. Synchronization involves either the host 
or coprocessor waiting for the other to finish an opera- 
tion currently in progress. Since the host executes the 
program, and has program control instructions like 
jumps, it is given responsibility for synchronization. To 
meet this need, a special host instruction exists to syn- 
chronize host operation with a coprocessor. 


; Test for the existence of an 8087 in the system. This code will always recognize an 8087 
; independent of the TEST pin usage on the host. No deadlock is possible. Using the 8087 
; emulator will not change the function of this code since ESC instructions are used. The word 
; variable control is used for 

; present, it will be initialized. 


28, bx 

ax, ax 
control, ax 
15, control 
ax, control 
no__8087 


communication between the 8087 and the host. Note: if an 8087 is 
Register ax is not transparent across this code. 


; FNINIT if 8087 is present . The contents of bx is irrelevant 

; These two instructions insert delay while the 8087 initializes itself 
; Clear intial control word value 

; FNSTCW if 8087 is present 

; Control = O3ffh if 8087 present 

; Jump if no 8087 is present 


Figure 6. Test for Existence of an 8087 
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The host coprocessor synchronization instruction, 
called ‘‘WAIT’’, uses the TEST pin of the host. The 
coprocessor can signal that it is still busy to the host via 
this pin. Whenever the host executes a wait instruction, 
it will stop program execution while the TEST input is 
active. When the TEST pin becomes inactive, the host 
will resume program execution with the next instruction 
following the WAIT. While waiting on the TEST pin, 
the host can be interrupted at 5 clock intervals; how- 
ever, after the TEST pin becomes inactive, the host will 
immediately execute the next instruction, ignoring any 
pending interrupts between the WAIT and following 
instruction. 


COPROCESSOR CONTROL 


The host has the responsibility for overall program con- 
trol. Coprocessor operation is initiated by special in- 
structions encountered by the host. These instructions 
are called ‘‘ESCAPE”’ instructions. When the host en- 
counters an ESCAPE instruction, the coprocessor is 
expected to perform the action indicated by the instruc- 
tion. There are 576 different ESCAPE instructions, 
allowing the coprocessor to perform many different 
actions. 


The host’s coprocessor interface requires the copro- 
cessor to recognize when the host has encountered an 
ESCAPE instruction. Whenever the host begins execut- 
ing a new instruction, the coprocessor must look to see 
if it is an ESCAPE instruction. Since only the host 
fetches instructions and executes them, the coprocessor 
must monitor the instructions being executed by the 
host. 


Host Queue Tracking 


The host can fetch an instruction at a variable length 
time before the host executes the instruction. This is a 
characteristic of the instruction queue of an 8086 or 
8088 microprocessor. An instruction queue allows pre- 
fetching instructions during times when the local bus 


would be otherwise idle. The end benefit is faster execu- 
tion time of host instructions for a given memory band- 
width. 


The host does not externally indicate which instruction 
it is currently executing. Instead, the host indicates 
when it fetches an instruction and when, some time 
later, an opcode byte is decoded and executed. To iden- 
tify the actual instruction the host fetched from its 
queue, the coprocessor must also maintain an instruc- 
tion stream identical to the host’s. 


Instructions can be fetched in byte or word increments, 
depending on the type of host and the destination ad- 
dress of jump instructions executed by the host. When 
the host has filled its queue, it stops prefetching instruc- 
tions. Instructions are removed from the queue a byte at 
a time for decoding and execution. When a jump oc- 
curs, the queue is emptied. The coprocessor follows 
these actions in the host by monitoring the host’s bus 
status, queue status, and data bus signals. Figure 7 
shows how the bus status signals and queue status 
signals are encoded. 


IGNORING I/O PROCESSORS 


The host is not the only local bus master capable of 
fetching instructions. An Intel 8089 IOP can generate 
instruction fetches on the local bus in the course of exe- 
cuting a channel program in system memory. In this 
case, the status signals S2, S1, and SO generated by the 
IOP are identical to those of the host. The coprocessor 
must not interpret these instruction prefetches as going 
to the host’s instruction queue. This problem is solved 
with a status signal called S6. The S6 signal identifies 
when the local bus is being used by the host. When the 
host is the local bus master, S6=0 during T2 and T3 of 
the memory cycle. All other bus masters must set S6= 1 
during T2 and T3 of their instruction prefetch cycles. 
Any coprocessor must ignore activity on the local bus 
when S6= 1. 


| 525i 55 | Function __ | @81_@80 | Host Function __Coprocessor Activity 


Interrupt Acknowledge ~ 
Read I/O Port 

Write I/O Port 

Halt 

Code Fetch 

Read Data Memory 
Write Data Memory 

Idle 


0 
0 
0 
0 
1 
1 
1 
1 


te eS ee eae eT SS 
ee > Oe ee > ee ee <> a ek 


No Operation 
First Byte 
Empty Queue 


No Queue Activity 
Decode Opcode Byte 
Empty Queue 

Flush Byte or if 2nd 
Byte of Escape 


Subsequent Byte 


Decode it 


Figure 7. 
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DECODING ESCAPE INSTRUCTIONS They, together with the R/M field, bits 2 through 0, 
determine the addressing mode and how many subse- 


To recognize ESCAPE instructions, the coprocessor quent bytes remain in the instruction. 


must examine all instructions executed by the host. 
When the host fetches an instruction byte from its inter- Host’s Response to an Escape Instruction 


nal queue, the coprocessor must do likewise. . ‘ 
The host performs one of two possible actions when 


The queue status state, fetch opcode byte, identifies encountering an ESCAPE instruction: do nothing or 
when an opcode byte is being examined by the host. At calculate an effective address and read a word value 
the same time, the coprocessor will check if the byte fet- beginning at that address. The host ignores the value of 


ched from its internal instruction queue is an ESCAPE the word read. ESCAPE instructions change no regis- 
opcode. If the instruction is not an ESCAPE, the ters in the host other than advancing IP. So, if there is 


coprocessor will ignore it. The queue status signals for no coprocessor, or the coprocessor ignores the ESCAPE 
fetch subsequent byte and flush queue let the instruction, the ESCAPE instruction is effectively a 
_ coprocessor track the host’s queue without knowledge NOP to the host. Other than calculating a memory ad- 
of the length and function of host instructions and ad- dress and reading a word of memory, the host makes no 
dressing modes. other assumptions regarding coprocessor activity. 
Escape Instruction Encoding The memory reference ESCAPE instructions have two 
. purposes: identify a memory operand and for certain in- 
All ESCAPE instructions start with the high-order structions, transfer a word from memory to the 
5-bits of the instruction being 11011. They have two coprocessor. 


basic forms. The non-memory form, listed here, in- 
itiates some activity in the coprocessor using the nine COPROCESSOR INTERFACE TO MEMORY 
available bits of the ESCAPE instruction to indicate 


The design of a coprocessor i iderably simpli i 
etaeh Finetion,to-perform. g processor is considerably simplified if 


it only requires reading memory values of 16 bits or less. 
The host can perform all the reads with the coprocessor 


MOD latching the value as it appears on the data bus at the 
42 Le ie L end of T3 during the memory read cycle. The copro- 
mecha hg hiz Nt ho fe le Pte Wg le fa oh cessor need never become a local bus master to read or 


write additional information. 
Memory reference forms of the ESCAPE instruction, 
shown in Figure 8, allow the host to point out a memory 
operand to the coprocessor using any host memory ad- 
dressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. Of course, the coprocessor may not recognize 
all possible ESCAPE instructions, in which case it will 
simply ignore them. ' 


If the coprocessor must write information to memory, 
or deal with data values longer than one word, then it 
must save the memory address and be able to become a 
local bus master. The read operation performed by the 
host in the course of executing the ESCAPE instruction 
places the 20-bit physical address of the operand on the 
address/data pins during T1 of the memory cycle. At 
this time the coprocessor can latch the address. If the 
Memory reference forms of ESCAPE instructions are coprocessor instruction also requires reading a value, it 
identified by bits 7 and 6 of the byte following the will appear on the data bus during T3 of the memory 
ESCAPE opcode. These two bits are the MOD field of read. All other memory bytes are addressed relative to | 
the 8086 or 8088 effective address calculation byte. this starting physical address. 


16-bit direct displacement 
1;1;0);1)1 | 
Hs NWq 443 yo ta Ho Ig Io 045 Dyq Dy3 Dypa Dyy Dig Dg Dg D7 Dg D5 Dg Dg DQ Dy Do 
16-bit displacement 
reser am 
Ws Wa ig tho ha hho '9 Io Dy5 Dyq Dy3 DyQ Dy, Dig Dg Dg D7 Dg D5 Dg Dg DQ Dy Do 
8-bit displacement 


| 1;1;0;14;1 
hs '4q 443 ho ta Ho 9 Ip D7 Dg D5 Dg Dg Da Dy Do 


+ (41-).0).071 


Ws 4a yg ho 4a Ho 9 


Figure 8. Memory Reference Escape Instruction Forms 
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Whether the coprocessor becomes a bus master or not, 
if the coprocessor has memory reference instruction 
forms, it must be able to identify the memory read per- 
formed by the host in the course of executing an 
ESCAPE instruction. 


Identifying the memory read is straightforward, requir- 
ing all the following conditions to be met: 


1) A MOD value of 00, 01, or 10 in the second byte 
of the ESCAPE instruction executed by the host. 


2) This is the first data read memory cycle performed 
by the host after it encountered the ESCAPE in- 
struction. In particular, the bus status signals 
S2-S0 will be 101 and S6 will be 0. 


The coprocessor must continue to track the instruction 
queue of the host while it calculates the memory address 
and reads the memory value. This is simply a matter of 
following the fetch subsequent byte status commands 
occurring on the queue status pins. 


HOST PROCESSOR DIFFERENCES 


A coprocessor must be aware of the bus characteristics 
of the host processor. This determines how the host will 
read the word operand of a memory reference ESCAPE 
instruction. If the host is an 8088, it will always perform 
two byte reads at sequential addresses. But if the host is 
an 8086, it can either perform a single word read or two 
byte reads to sequential addresses. 


The 8086 places no restrictions on the alignment of 
word operands in memory. It will automatically per- 
form two byte operations for word operands starting at 
an odd address. The two operations are necessary since 
the two bytes of the operand exist in two different mem- 
ory words. The coprocessor should be able to accept the 
two possible methods of reading a word value on the 
8086. 


A coprocessor can determine whether the 8086 will per- 
form one or two memory cycles as part of the current 
ESCAPE instruction execution. The ADO pin during T1 
of the first memory read by the host tells if this is the 
only read to be performed as part of the ESCAPE in- 
struction. If this pin is a 1 during Tl of the memory 
cycle, the 8086 will immediately follow this memory 
read cycle with another one at the next byte address. 


Coprocessor Interface Summary 


The host ESCAPE instructions, coprocessor interface, 
and WAIT instruction allow easy extension of the host’s 
architecture with specialized processors. The 8087 is 
such a processor, extending the host’s architecture as 
seen by the programmer. The specialized hardware pro- 
vided by the 8087 can greatly improve system perfor- 
mance economically in terms of both hardware and 
software for numerics applications. 


The next section examines how the 8087 uses the 
coprocessor interface of the 8086 or 8088. 


8087 COPROCESSOR OPERATION 


The 8086 or 8088 ESCAPE instructions provide 64 
memory reference opcodes and 512 non-memory refer- 
ence opcodes. The 8087 uses 57 of the memory reference 
forms and 406 of the non-memory reference forms. Fig- 
ure 9 shows the ESCAPE instructions not used by the 
8087. 
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Available Memory Reference Escape Instructions 


Figure 9. 
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Using the 8087 With Custom 
Coprocessors 


Custom coprocessors, a designer may care to develop, 
should limit their use of ESCAPE instructions to those 
not used by the 8087 to prevent ambiguity about 
whether any one ESCAPE instruction is intended for a 
numerics or other custom coprocessor. Using any 
escape instruction for a custom coprocessor may con- 
flict with opcodes chosen for future Intel coprocessors. 


Operation of an 8087 together with other custom co- 
processors is possible under the following constraints: 


1) All 8087 errors are masked. The 8087 will update its 
opcode and instruction address registers for the un- 
used opcodes. Unused memory reference instruc- 
tions will also update the operand address value. 
Such changes in the 8087 make software-defined 
error handling impossible. 


2) If the coprocessors provide a BUSY signal, they must 
be ORed together for connection to the host TEST 
pin. When the host executes a WAIT instruction, it 
does not know which coprocessor will be affected by 
the following ESCAPE instruction. In general, all 
coprocessors must be idle before executing the 

_ ESCAPE instruction. 


Operand Addressing by the 8087 


The 8087 has seven different memory operand formats. 
Six of them are longer than one word. All are an even 
number of bytes in length and are addressed by the host 
at the lowest address word. 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20-bit 
physical address it saved to address the remaining words 
of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus, then perform successive write, 
increment address operations writing the entire data 
value. 


8087 OPERATION IN IAPX 86,88 SYSTEMS 

The 8087 will work with either an 8086 or 8088 host. 
The identity of the host determines the width of the 
local bus path. The 8087 will identify the host and 
adjust its use of the data bus accordingly; 8 bits for an 
8088 or 16 bits for an 8086. No strapping options are 
required by the 8087; host identification is automatic. 


The 8087 identifies the host each time the host and 8087 
are reset via the RESET pin. After the reset signal goes 
inactive, the host will begin instruction execution at 
memory address FFFF0j¢. 


If the host is an 8086 it will perform a word read at that 
address; an 8088 will perform a byte read. 


The 8087 monitors pin 34 on the first memory cycle 
after power up. If an 8086 host is used, pin 34 will be the 
BHE signal, which will be low for that memory cycle. 
For an 8088 host, pin 34 will be the SSO signal, which 
will be high during T1 of the first memory cycle. Based 
on this signal, the 8087 will then configure its data bus 
width to match that of the host local bus. 


For 88/2X systems, pin 34 of the 8087 may be tied to 
Vcc if not connected to the 8088 SSO pin. 


The width of the data bus and alignment of data oper- 
ands has no effect, except for execution time and num- 
ber of memory cycles performed, on 8087 instructions. 
A numeric program will always produce the same results 
on an 86/2X or 88/2X with any operand alignment. All 
numeric operands have the same relative byte orderings 
independent of the host and starting address. 


The byte alignment of memory operands can affect the 
performance of programs executing on an 86/2X. Ifa 
word operand, or any numeric operand, starts on an 
odd-byte address, more memory cycles are required to 
access the operand than if the operand started on an 
even address. The extra memory cycles will lower system 
performance. 


The 86/2X will attempt to minimize the number of extra 
memory cycles required for odd-aligned operands. In 
these cases, the 8087 will perform first a byte operation, 
then a series of word operations, and finally a byte 
operation. 


88/2X instruction timings are independent of operand 
alignment, since byte operations are always performed. 
However, it is recommended to align numeric operands 
on even boundaries for maximum performance in case 
the program is transported to an 86/2X. 


3-12 


ae 


s 
: / 
° * 
—> ame. {oo ony ee aan ese eo ee awe ew eo oman == = am eww ea=mw oe oe ew oP ow ae ao aE CET a aE oe GEE es ae ae aa aD Re 
S 
- 


~ 


DATA 


8286 


DATA 
TRANSCEIVER 


(3) 8282 
ADDRESS 
LATCHES 


GENERATOR 


D 
BUS 
CONTROLLER 


ISYSTEMI 


Bus |! 
ij oad of 


Figure 10. iAPX 88/21. 


343 


Say (fd x M4 w "«< oT ~ *s i a —s oe) 5), fa Se OCT 
‘ - 4-4 ms 
aan os.) * x : 7 e, _ 


AP-113 


RQ/GT CONNECTION 


Two decisions must be made when connecting the 8087 
to a system. The first is how to interconnect the RQ/GT 
signals of all local bus masters. The RQ/GT decision af- 
fects the response time to service local bus requests from 
other local bus masters, such as an 8089 IOP or other 
coprocessor. The interrupt connection affects the 
response time to service an interrupt request and how 
user-interrupt handlers are written. The implications of 
how these pins are connected concern both the hardware 
designer and programmer and must be understood by 
both. 


The RQ/GT issue can be broken into three general cate- 
gories, depending on system configuration: 86/20 or 

‘88/20, 86/21 or 88/21, and 86/22 or 88/22. Remote 
operation of an IOP is not effected by the 8087 RQ/GT 
connection. 


iAPX 86/20, 88/20 


For an 86/20 or 88/20 just connect the RQ/GT0 pin of 
the 8087 to RQ/GT1 of the host (see Figure 5), and skip 
forward to the interrupt discussion on page 15. 


iAPX 86/21, 88/21 


For an 86/21 or 88/21, connect RQ/GTO of the 8087 to 
RQ/GTI1 of the host, connect RQ/GT of the 8089 to 
RQ/GT1 of the 8087 (see Figure 10, page 12), and skip 
forward to the interrupt discussion on page 15. 


_The RQ/GT1 pin of the 8087 exists to provide one I/O 

processor with a low maximum wait time for the local 
bus. The maximum wait times to gain control of the 

local bus for a device attached to RQ/GT1 of an 8087 

for an 8086 or 8088 host are shown in Table 2. These 
numbers are all dependent on when the host will release 
the local bus to the 8087. | 


As Table 2 implies, three factors determine when the 
host will release the local bus: 


1) What type of host is there; an 8086 or 8088? 
2) What is the current instruction being executed? 
3) How is the lock prefix being used? 


An 8086 host will not release the local bus between the 
two consecutive byte operations performed for odd- 
aligned word operands. The 8088, in contrast, will never 
release the local bus between the two bytes of a word 
transfer, independent of its byte alignment. 


Host operations such as acknowledging an interrupt will 
not release the local bus for several bus cycles. 


Using a lock prefix in front of a host instruction 
prevents the host from releasing the local bus during the 
execution of that instruction. 


8087 RQ/GT Function 


The presence of the 8087 in the RQ/GT path from the 
IOP to the host has little effect on the maximum wait 
time seen by the IOP when requesting the local bus. The 
8087 adds two clocks of delay to the basic time required 
by the host. This low delay is achieved due to a preemp- 
tive protocol implemented by the 8087 on RQ/GT1. 


The 8087 always gives higher priority to a request for 
the local bus from a device attached to its RQ/GT1 pin 
than to a request generated internally by the 8087. If the 
8087 currently owns the local bus and a request is made 
to its RQ/GT1 pin, the 8087 will finish the current 
memory cycle and release the local bus to the requestor. 
If the request from the devices arrives when the 8087 
does not own the local bus, then the 8087 will pass the 
request on to the host via its RQ/GTO pin. 


Table 2. Worst Case Local Bus Request Wait Times in Clocks 


System 
Configuration 


iAPX 86/21 
even aligned words 


iAPX 88/21 


Notes: 1. Add two clocks for each wait state inserted per bus cycle 
, 2. Add four clocks for each wait state inserted per bus cycle 
Lat ate * Execution time of longest locked instruction 


No Locked Only Locked Other Locked 
instructions Exchange - Instructions 

iAPX 86/21 
odd aligned words 
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— |APX 86/22, 88/22 


An 86/22 system offers two alternates regarding to 
which IOP to connect an I/O device. Each IOP will of- 
fer a different maximum delay time to servide an I/O re- 
quest. (See Fig. 11) 


The second 8089 (IOPA) must use the RQ/GT0 pin of 
the host. With two IOPs the designer must decide which 
IOP services which I/O devices, determined by the max- 
imum wait time allowed between when an I/O device re- 
quests IOP service and the IOP can respond. The max- 
imum service delay times of the two IOPs can be very 
different. It makes little difference which of the two 
host RQ/GT pins are used. 


The different wait times are due to the non-preemptive 
nature of bus grants between the two host RQ/GT pins. 
No communication of a need to use the local bus is 
possible between IOPA and the 8087/IOPB combina- 
tion. Any request for the local bus by the IOPA must 
wait in the worst case for the host, 8087, and IOPB to 
finish their longest sequence of memory cycles. IOPB 
must wait in the worst case for the host and IOPA to 
finish their longest sequence of memory cycles. The 
8087. has little effect on the maximum wait time of 
IOPB. 


DELAY EFFECTS OF THE 8087 


The delay effects of the 8087 on IOPA can be signifi- 
cant. When executing special instructions (FSAVE, 
FNSAVE, FRSTOR), the 8087 can perform 50 or 96 
consecutive memory cycles with an 8086 or 8088 host, 
respectively. These instructions do not affect response 
time to local bus requests seen by an IOPB. 


If the 8087 is performing a series of memory cycles while 
executing these instructions, and IOPB requests the 
local bus, the 8087 will stop its current memory activity, 
then release the local bus to IOPB. 


The 8087 cannot release the bus to IOPA since it cannot 
know that IOPA wants to use the local bus, like it can 
for IOPB. 


REDUCING 8087 DELAY EFFECTS 


For 86/22 or 88/22 systems requiring lower maximum 
wait times for IOPA, it is possible to reduce the worst 
case bus usage of the 8087. If three 8087 instructions are 
never executed; namely FSAVE, FNSAVE, or 
FRSTOR, the maximum number of consecutive mem- 
ory cycles performed by the 8087 is 10 or 16 for an 8086 
or 8088 host respectively. The function of these instruc- 
tions can be emulated with other 8087 instructions. 


Appendix B shows an example of how these three in- 
structions can be emulated. This improvment does have 


_acost, in the increased execution time of 427 or 747 ad- 
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ditional clocks for an 8086 or 8088 respectively, for the 
equivalent save and restore operations. These opera- 
tions appear in time-critical context-switching functions — 
of an operating system or interrupt handler. This tech- 
nique has no affect on the maximum wait time seen by 
IOPB or wait time seen by IOPA due to IOPB. 


Which IOP to connect to which I/O device in an 86/22 
or 88/22 system will depend on how quickly an I/O re- 
quest by the device must be serviced by the IOP. This 
maximum time must be greater than the sum of the 
maximum delay of the IOP and the maximum wait time 
to gain control of the local bus by the IOP. 


If neither IOP offers a fast enough response time, con- 
sider remote operation of the IOP. 


8087 INT Connection 


The next decision in adding the 8087 to an 8086 or 8088 
system is where to attach the INT signal of the 8087. 
The INT pin of the 8087 provides an external indication 
of software-selected numeric errors. The numeric pro- 
gram will stop until something is done about the error. 
Deciding where to connect the INT signal can have im- 
portant consequences on other interrupt handlers. 


WHAT ARE NUMERIC ERRORS? 


A numeric error occurs in the NPX whenever an opera- 
tion is attempted with invalid operands or attempts to 
produce a result which cannot be represented. If an in- 
correct or questionable operation is attempted by a pro- 
gram, the NPX will always indicate the event. Examples 
of errors on the NPX are: 1/0, square root of —1, and 
reading from an empty register. For a detailed descrip- 
tion of when the 8087 detects a numeric error, refer to 
the Numerics Supplement. (See Lit. Ref). 


WHAT TO DO ABOUT NUMERIC ERRORS 


Two possible courses of action are possible when a 
numeric error occurs. The NPX can itself handle the 
error, allowing numeric program execution to continue 
undisturbed, or software in the host can handle the 
error. To have the 8087 handle a numeric error, set its 
associated mask bit in the NPX control word. Each 
numeric error may be individually masked. 


The NPX has a default fixup action defined for all pos- 
sible numeric errors when they are masked. The default 
actions were carefully selected for their generality and 
safety. 


For example, the default fixup for the precision error is 
to round the result using the rounding rules currently in 
effect. If the invalid error is masked, the NPX will 
generate a special value called indefinite as the result of 
any invalid operation. 
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NUMERIC ERRORS (CON’T) | 


Any arithmetic operation with an indefinite operand 
will always generate an indefinite result. In this manner, 
the result of the original invalid operation will pro- 
pagate throughout the program wherever it is used. 


When a questionable operation such as multiplying an 
unnormal value by a normal value occurs, the NPX will 
signal this occurrence by generating an unnormal result. 


The required response by host software to a numeric 
error will depend on the application. The needs of each 
application must be understood, when deciding on how 
to treat numeric errors. There are three attitudes 
towards a numeric error: 


1) No response required. Let the NPX perform the 
default fixup. 


2) Stop everything, something terrible has happened! 


3) Oh, not again! But don’t disrupt doing something: 


more important. 


SIMPLE ERROR HANDLING 


Some very simple applications may mask all of the 
numeric errors. In this simple case, the 8087 INT signal 
may be left unconnected since the 8087 will never assert 
this signal. If any numeric errors are detected during the 
course of executing the program, the NPX will generate 
a safe result. It is sufficient to test the final results of the 
calculation to see if they are valid. 


Special values like not-a-number (NAN), infinity, in- 
definite, denormals, and unnormals indicate the type 
and severity of earlier invalid or questionable opera- 
tions. 


SEVERE ERROR HANDLING 


For dedicated applications, programs should not gener- 
ate or use any invalid operands. Furthermore, all num- 
bers should be in range. An operand or result outside 
this range indicates a severe fault in the system. This 
situation may arise due to invalid input values, program 
error, or hardware faults. The integrity of the program 
and hardware is in question, and immediate action is re- 
quired. 


In this case, the INT signal can be used to interrupt the 
program currently running. Such an interrupt would be 
of high priority. The interrupt handler responsible for 
numeric errors might perform system integrity tests and 
then restart the system at a known, safe state. The 
handler would not normally return to the point of error. 


Unmasked numeric errors are very useful for testing 
programs. Correct use of synchronization, (Page 21), 
allows the programmer to find out exactly what 
operands, instruction, and memory values caused the 
error. Once testing has finished, an error then becomes 
much more serious. 
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The 8086 Family Numerics Supplement recommends 
masking all érrors except invalid. (See Lit. Ref.). In this 
case the NPX will safely handle such errors as 
underflow, overflow, or divide by zero. Only truly ques- 
tionable operations will disturb the numerics program 
execution. 


An example of how infinities and divide by zero can be 
harmless occurs when calculating the parallel resistance 
of several values with the standard formula (Figure 12). 
If Rl becomes zero, the circuit resistance becomes 0. 
With divide by zero and precision masked, the NPX will 
produce the correct result. 


NUMERIC EXCEPTION HANDLING 


For some applications, a numeric error may not indicate 
a severe problem. The numeric error can indicate that a 
hardware resource has been exhausted, and the software 
must provide more. These cases are called exceptions 
since they do not normally arise. 


Special host software will handle numeric error excep- 
tions when they infrequently occur. In these cases, 
numeric exceptions are expected to be recoverable 
although not requiring immediate service by the host. In 
effect, these exceptions extend the functionality of the 
NDP. Examples of extensions are: normalized only 


arithmetic, extending the register stack to ae or — 


tracing special data values. 


Equivalent resistance = 


Figure 12. Infinity Arithmetic Example 


HOST INTERRUPT OVERVIEW 


The host has only two possible interrupt inputs, a non- 
maskable interrupt (NMI) and a maskable interrupt 


(INTR). Attaching the 8087 INT pin to the NMI input is 


not recommended. The following problems arise: NMI 
foe be masked, it is usually reserved for more impor- 
ant functions like sanity timers or loss of power signal, 
and Intel supplied software for the NDP will not sup- 
port NMI interrupts. The INTR input of the host allows 
interrupt masking in the CPU, using an Intel 8259A 
Programmable Interrupt Controller (PIC) to resolve 
multiple interrupts, and has Intel support. 


NUMERIC INTERRUPT CHARACTERISTICS. 


Numeric error interrupts are different from regular in- 
struction error interrupts like divide by zero. Numeric 
interrupts from the 8087 can occur long after the 
ESCAPE instruction that started the failing operation. 
For example, after starting a numeric multiply opera- 
tion, the host may respond to an external interrupt and 
be in the process of servicing it when the 8087 detects an 
overflow error. In this case the interrupt is a result of 
some earlier, unrelated program. 


From the point of view of the currently executing inter- 
rupt handler, numeric interrupts can come from only 
two sources: the current handler or a lower priority pro- 
gram. 
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To explicitly disable numeric interrupts, it is recom- 
mended that numeric interrupts be disabled at the 8087. 
The code example of Figure 13 shows how to disable 
any pending numeric interrupts then reenable them at 
the end of the handler. This code example can be safely 
placed in any routine which must prevent numeric inter- 
rupts from occurring. Note that the ESCAPE instruc- 
tions act as NOPs if an 8087 is not present in the system. 
It is not recommended to use numeric mnemonics since 
they may be converted to emulator calls, which run 
comparatively slow, if the 8087 emulator used. - 


Interrupt systems have specific functions like fast 
response to external events or periodic execution of 
system routines. Adding an 8087 interrupt should not 
effect these functions. Desirable goals of any 8087 inter- 
rupt configuration are: 


— Hide numeric interrupts from interrupt handlers that 
don’t use the 8087. Since they didn’t cause the 
numeric interrupt why should they be interrupted? 


— Avoid adding code to interrupt handlers that don’t 
use the 8087 to prevent interruption by the 8087. 


— Allow other higher priority interrupts to be serviced 
while executing a numeric exception handler. 


— Provide numeric exception handling for interrupt 
service routines which use the 8087. : 


— Avoid deadlock as described in a later section 
(page 24) 


; Disable any possible numeric interrupt from the 8087. This code is safe to place in any 
; procedure. If an 8087 is not present, the ESCAPE instructions will act as nops. These 
; instructions are not affected by the TEST pin of the host. Using the 8087 emulator will not 
; convert these instructions into interrupts. A word variable, called control, is required to hold 
; the 8087 control word. Control must not be changed until it is reloaded into the 8087. 


ESC 15, contro! 


; (FNSTCW) Save current 8087 control word 


=. Si: 85 eee a 
aig sae Oe Sgtg 


NOP ; Delay while 8087 saves current control 
NOP ; register value 
| ESC 28,cx (FNDISI) Disable any 8087 interrupts 


The contents of cx is irrelevant 


; Set IEM bit in 8087 control register 
interrupts can now be enabled 


(Your Code Here) 


; Reenable any pending interrupts in the 8087. This instruction does not disturb any 8087 instruction © 


; currently in progress since all it does is change the IEM bit in the control register. 


TEST control, 80H 
JNZ $+4 
ESC 28,ax 


; Look at IEM bit 

; If IEM=1 skip FNENI 

; (FNENI) reenable 8087 interrupts 
Figure 13. Inhibit/Enable 8087 Interrupts 
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Recommended inter 


Five categories cover most uses of the 8087 interrupt in 
_ fixed priority interrupt systems. For each category, an 
interrupt configuration is suggested based on the goals 
mentioned above. 


1. All errors on the 8087 are always masked. 
Numeric interrupts are not possible. Leave the 


_ 8087 INT signal unconnected. 


2. The 8087 is the only interrupt in the system. Ca ~ 


nect the 8087 INT signal directly to the host’s 
INTR input. (See Figure 14 on page19). A bus 


driver supplies interrupt vector 10,6 for com- 


patibility with Intel supplied software. 
3. The 8087 interrupt is a stop everything event. 


Choose a high priority interrupt input that will ter- 


_ minate all numerics related activity. This is a 
_ special case since the interrupt handler may never 
return to the point of interruption (i.e. reset the 


system and restart rather than attempt to continue _ 


operation). 


4. Numeric exceptions or numeric programming er- 
_ rors are expected and all interrupt handlers either 
don’t use the 8087 or only use it with all errors 

masked. Use the lowest priority interrupt input. 
The 8087 interrupt handler should allow further 
interrupts by higher priority events. The PIC’s 
priority system will automatically prevent the 8087 
from disturbing other interrupts without adding 
extra code to them. 


rupt Configurations 


, patibility with Intel software for numeric inter 


5. Case 4 ila except sae interrupt ‘a 
also generate numeric interrupts. ‘Connect 
INT signal to multiple interrupt inputs. O1 

_ would still be the lowest eget sia as in 


to the next highest priority interrupt. Bene ; 
higher priority numeric interrupt inputs would be 
masked and the low priority numeric ‘interrupt ce 
enabled. The higher priority interrupt input would 

be unmasked only when servicing an intern pt. 


which requires 8087 exception handling. 2 : cs 


All of these configurations hide the 8087 from all titers: ¥ 
rupt handlers which do not use the 8087. Only those in- 
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form any special 8087 related interrupt Masa! ac- 
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sabe 


A conflict can arise between the Acie PIC in : an 
input and the required interrupt vector of 10;¢ for 
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GETTING STARTED IN SOFTWARE 


Now we are ready to run numeric programs. Developing 
numeric software will be a new experience to some pro- 


. grammers. This section of the application note is aimed 


at describing the programming environment and pro- 
viding programming guidelines for the NPX. The term 
NPX is used to emphasize that no distinction is made 
between the 8087 component or an emulated 8087. 


Two major areas of numeric software can be identified: 
systems software and applications software. Products 
such as iRMX™ 86 provide system software as an off- 
the-shelf product. Some applications use specially 
developed systems software optimized to their needs. 


Whether the system software is specially tailored or 
common, they share issues such as using concurrency, 
maintaining synchronization between the host and 8087, 
and establishing programming conventions. Appli- 
cations software directly performs the functions of the 
application. All applications will be concerned with ini- 
tialization and general programming rules for the NPX. 
Systems software will be more concerned with context 
switching, use of the NPX by interrupt handlers, and 
numeric exception handlers. 


How to Initialize the NPX 


The first action required by the NPX is initialization. 
This places the NPX in a known state, unaffected by 
other activity performed earlier. This initialization is 
similar to that caused by the RESET signal of the 8087. 
All the error masks are set, all registers are tagged 
empty, the TOP field is set to 0, default rounding, pre- 
cision, and infinity controls are set. The 8087 emulator 
requires more initialization than the component. Before 
the emulator may be used, all its interrupt vectors must 
be set to point to the correct ued points within the 
emulator. 


To provide compatibility between the emulator and 
component in this special case, a call to an external pro- 
cedure should be used before the first numeric instruc- 
tion. In ASM86 the programmer must call the external 
function INIT87. (Fig. 15). For PLM8&6, the 
programmer must call the built-in function 
INIT$REAL$MATHS$UNIT. PLM86 will call INIT87 
when executing the INIT$REAL$MATH$UNIT built- 
in function. 


The function supplied for: INIT87 will be different, 
depending on whether the emulator library, called 
E8087.LIB, or component library, called 8087.LIB, 
were used at link time. INIT87 will execute either an 
FNINIT instruction for the -8087 or initialize the 8087 
emulator interrupt vectors, as appropriate. 
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Concurrency Overview 


With the NPX initialized, the next step in writing a 
numeric program is learning about concurrent execution 
within the NDP. 


Concurrency is a special feature of the 8087, allowing it 
and the host to simultaneously execute different instruc- 
tions. The 8087 emulator does not provide concurrency 
since it is implemented by the host. . 


The benefit of concurrency to an application is higher 
performance. All Intel high level languages automatic- 
ally provide for and manage concurrency in the NDP. 
However, in exchange for the added performance, the 
assembly language programmer must understand and 
manage some areas of concurrency. This section is for 
the assembly language programmer or wellontones 
high level language programmer. ee: 


Whether the 8087 emulator or component is used, care 
should be taken by the assembly language programmer 
to follow the rules described below regarding synchro- 
nization. Otherwise, the program may not function cor- 
rectly with current or future alternatives for implement- 
ing the NDP. 


Concurrency is possible in the NDP because both the 
host and 8087 have separate arithmetic and control 
units. The host and coprocessor automatically decide 
who will perform any single instruction. The existence 
of the 8087 as a separate unit is not normally apparent. 


Numeric instructions, which will be executed by the 
8087, are simply placed in line with the instructions for 
the host. Numeric instructions are executed in the same 
order as they are encountered by the host in its instruc- 
tion stream. Since operations performed by the 8087 
generally require more time than operations performed 
by the host, the host can execute several of its instruc- 
tions while the 8087 performs one numeric operation. 


IN PLM86: 
CALL INITSREALSMATHSUNIT; - 


IN ASM86: 
EXTRN 
® 


INIT87:FAR 


INIT87° 


Figure 15. 8087 Initialization 
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MANAGING CONCURRENCY 


Concurrent execution of the host and 8087 is easy to 
establish and maintain. The activities of numeric pro- 
grams can be split into two major areas: program con- 
trol and arithmetic. The program control part performs 
activities like deciding what functions to perform, calcu- 
lating addresses of numeric operands, and loop control. 
The arithmetic part simply performs the adds, sub- 
tracts, multiplies, and other operations on the numeric 
operands. The NPX and host are designed to handle 
these two parts separately and efficiently. 


Managing concurrency is necessary because the arithme- 
tic and control areas must converge to a well-defined 
state when starting another numeric operation. A well- 
defined state means all previous arithmetic and control 
operations are complete and valid. 


Normally, the host waits for the 8087 to finish the cur- 
rent numeric operation before starting another. This 
waiting is called synchronization. 


Managing concurrent execution of the 8087 involves 
three types of synchronization: instruction, data, and 
error. Instruction and error synchronization are 
automatically provided by the compiler or assembler. 
Data synchronization must be provided by the assembly 


_ language progammer or compiler. 


Instruction Synchronization 


Instruction synchronization is required because the 8087 
can only perform one numeric operation at a time. Be- 
fore any numeric operation is started, the 8087 must 
have completed all activity from previous instructions. 


The WAIT instruction on the host lets it wait for the 
8087 to finish all numeric activity before starting an- 
other numeric instruction. The assembler automatically 
provides for instruction synchronization since a WAIT 
instruction is part of most numeric instructions. A 
WAIT instruction requires 1 byte code space and 2.5 
clocks average execution time overhead. 


Instruction synchronization as provided by the assem- 
bler or a compiler allows concurrent operation in the 
NDP. An execution time comparison of NDP concur- 
rency and non-concurrency is illustrated in Figure 16. 
The non-concurrent program places a WAIT instruction 
immediately after a multiply instruction ESCAPE in- 
struction. The 8087 must complete the multiply opera- 
tion before the host executes the MOV instruction on 
statement 2. In contrast, the concurrent example allows 
the host to calculate the effective address of the next 
operand while the 8087 performs the multiply. The ex- 
ecution time of the concurrent technique is the longest 
of the host’s execution time from line 2 to 5 and the ex- 
ecution time of the 8087 for a multiply instruction. The 
execution time of the non-concurrent example is the 
sum of the execution times of statements 1 to 5. 


; This code macro defines two instructions which do not allow any concurrency of execution with 
; the host. A register version and memory version of the instruction is shown. It is assumed that the 
; 8087 is always idle from the previous instruction. Allow space for emulator fixups. 


R233 Record RF6:2, Mid3:3, RF7:3 


CodeMacro NCMUL dst:T, src:F 
RNfix 000B 

R233 (11B, 001B, src) 

RWrfix 

EndM 


CodeMacro NCMUL memop:Mq 


RNfixM 100B, memop 
ModRM 001B, memop 
RWfix 
EndM 


Statement 


1 FMUL 
MOV 
MUL 
MOV 


Concurrent 
st(0), st(1) 
ax, size A 
index 
bx, ax 


FMUL_ A [bx] 


Non Concurrent 


NCMUL - st(0), st(1) 
MOV ax, size A 
MUL. index 
MOV bx, ax 
NCMUL A [bx] 


Figure 16. Concurrent Versus Non-Concurrent Program 
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Data Synchronization 


Managing concurrency requires synchronizing data ref- 
erences by the host and 8087. 


Figure 17 shows four possible cases of the host and 8087 
sharing a memory value. The second two cases require 
the FWAIT instruction shown for data synchronization. 
In the first two cases, the host will finish with the 
operand I before the 8087 can reference it. The 
coprocessor interface guarantees this. In the second two 
cases, the host must wait for the 8087 to finish with the 
memory operand before proceeding to reuse it. The 
FWAIT instruction in case 3 forces the host to wait for 
the 8087 to read I before changing it. In case 4, the 
FWAIT prevents the host from reading I before the 
8087 sets its value. 


Obviously, the programmer must recognize any form of 
the two cases shown above which require explicit data 
synchronization. Data synchronization is not a concern 
when the host and 8087 are using different memory 
operands during the course of one numeric instruction. 
Figure 16 shows such an example of the host performing 
activity unrelated to the current numeric instruction 
being executed by the 8087. Correct recognition of these 
cases by the programmer is the price to be paid for pro- 
viding concurrency at the assembly language level. 


Automatic Data Synchronization 


Two methods exist to avoid the need for manual recog- 


nition of when data synchronization is needed: use a 
high level language which will automatically establish 
concurrency and manage it, or sacrifice some perfor- 
mance for automatic data synchronization by the as- 
sembler. 


When a high level language is not adequate, the : 


assembler can be changed to always place a WAIT in- 
struction after the ESCAPE instruction. Figure 18 
shows an example of how to change the ASM86 code 
macro for the FIST instruction to automatically place 
an FWAIT instruction after the ESCAPE instruction. 
The lack of any possible concurrent execution between 
the host and 8087 while the FIST instruction is executing 
is the price paid for automatic data synchronization. 


An explicit FWAIT instruction for data synchroniza- 
tion, can be eliminated by using a subsequent numeric 
instruction. After this subsequent instruction has 
started execution, all memory references in earlier 
numeric instructions are complete. Reaching the next 
host instruction after the synchronizing numeric instruc- 
tion indicates previous numeric operands in memory are 
available. 
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The data synchronization purpose of any FWAIT or 
numeric instruction must be well documented. Other- 
wise, a change to the program at a later time may 


remove the synchronizing numeric instruction, causing 


program failure, as: 


FISTP | 
FMUL 
MOV 


AX, | ‘lis safe to use 


Case 2: 
MOV AX,| 
FISTP | 


Figure 17. Data Exchange Example 


; This is a code macro to redefine the FIST 
; instruction to prevent any concurrency 
; while the instruction runs. A_ wait 
; instruction is placed immediately after the 
; escape to ensure the store is done 
; before the program may continue. This 
; code macro will work with the 8087 
; emulator, automatically replacing the 
; wait escape with a nop. 


CodeMacro FIST memop: Mw 
RfixM 111B, memop 

ModRM 010B, memop 

RWrfix 

EndM 


Figure 18. Non-Concurrent FIST Instruction 
Code Macro 
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DATA SYNCHRONIZATION RULES EXCEPTIONS 


There are five exceptions to the above rules for data syn- 
chronization. The 8087 automatically provides data syn- 
chronization for these cases. They are necessary to 
avoid deadlock (described on page 24). The instructions 
FSTSW/FNSTSW, FSTCW/FNSTCW, FLDCW, 
FRSTOR, and FLDENV do not require any waiting by 
the host before it may read or modify the referenced 
_ memory location. 


The 8087 provides the data synchronization by prevent- 
ing the host from gaining control of the local bus while 
these instructions execute. If the host cannot gain con- 
trol of the local bus, it cannot change a value before the 
8087 reads it, or read a value before the 8087 writes into 
it. 


The coprocessor interface guarantees that, when the 
host executes one of these instructions, the 8087 will 
immediately request the local bus from the host. This 
request is timed such that, when the host finishes the 
read operation identifying the memory operand, it will 
always grant the local bus to the 8087 before the host 
may use the local bus for a data reference while execut- 
ing a subsequent instruction. The 8087 will not release 
the local bus to the host until it has finished executing 
the numeric instruction. 


Error Synchronization 


Numeric errors can occur on almost any numeric in- 
struction at any time during its execution. Page 15 
’ describes how a numeric error may have many inter- 
pretations, depending on the application. Since the re- 
sponse to a numeric error will depend on the applica- 
tion, this section covers topics common to all uses of the 
NPX. We will review why error synchronization is need- 
ed and how it is provided. 


Concurrent execution of the host and 8087 requires syn- 
chronization for errors just like data references and 
numeric instructions. In fact, the synchronization re- 
quired for data and instructions automatically provides 
error synchronization. 


However, incorrect data or instruction synchronization 
may not cause a problem until a numeric error occurs. A 
further complication is that a programmer may not ex- 
pect his numeric program to cause numeric errors, but 
in some systems they may regularly happen. To better 
understand these points, let’s look at what can happen 
when the NPX detects an error. 


ERROR SYNCHRONIZATION FOR EXTENSIONS 


The NPX can provide a default fixup for all numeric -_. 


errors. A program can mask each individual error type 
to indicate that the NPX should generate a safe, reason- 
able result. The default error fixup activity is simply 
treated as part of the instruction which caused the error. 
No external indication of the error will be given. A flag 
in the numeric status register will be set to indicate that 
an error was detected, but no information regarding 
where or when will be available. 


If the NPX performs its default action for all errors, 
then error synchronization is never exercised. But this is 
no reason to ignore error synchronization. 


Another alternative exists to the NPX default fixup of 
an error. If the default NPX response to numeric errors 
is not desired, the host can implement any form of re- 
covery desired for any numeric error detectable by the 
NPX. When a numeric error is unmasked, and the error 
occurs, the NPX will stop further execution of the 
numeric instruction. The 8087 will signal this event on 
the INT pin, while the 8087 emulator will cause inter- 
rupt 10;¢ to occur. The 8087 INT signal is normally con- 
nected to the host’s interrupt system. Refer to page 18 
for further discussion on wiring the 8087 INT pin. 


Interrupting the host is a request from the NPX for 
help. The fact that the error was unmasked indicates 
that further numeric program execution under the arith- 
metic and programming rules of the NPX is unreason- 
able. Error synchronization serves to insure the NDP is 
in a well defined state after an unmasked numeric error 
occured. Without a well defined state, it is impossible to 
figure out why the error occured. 


Allowing a correct analysis of the error is the heart of 
error synchronization. 


NDP ERROR STATES 


If concurrent execution is allowed, the state of the host | 


when it recognizes the interrupt is undefined. The host 


_may have changed many of its internal registers and be 


executing a totally different program by the time it is in- 
terrupted. To handle this situation, the NPX has special 
registers updated at the start of each numeric instruction 
to describe the state of the numeric program when the 
failed instruction was attempted. (See Lit. Ref. p. iii) 


Besides programmer comfort, a well-defined state is im- 
portant for error recovery routines. They can change the 
arithmetic and programming rules of the 8087. These 
changes may redefine the default fixup from an error, 
change the appearance of the NPX to the programmer, 
or change how arithmetic is defined on the NPX. 
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EXTENSION EXAMPLES 


A change to an error response might be to automatically 
normalize all denormals loaded from memory. A 
change in appearance might be extending the register 
stack to memory to provide an ‘“‘infinite’’ number of 
numeric registers. The arithmetic of the 8087 can be 
changed to automatically extend the precision and range 
of variables when exceeded. All these functions can be 
implemented on the NPX via numeric errors and 
associated recovery routines in a manner transparent to 
the programmer. 


Without correct error synchronization, numeric 
subroutines will not work correctly in the above situa- 
tions. 


Incorrect Error Synchronization 


An example of how some instructions written without 
error synchronization will work initially, but fail when 
moved into a new environment is: 


FILD COUNT 
INC COUNT 
FSQRT 


Three instructions are shown to load an integer, calcu- 
late its square root, then increment the integer. The 
coprocessor interface of the 8087 and synchronous ex- 
ecution of the 8087 emulator will allow this program to 
execute correctly when no errors occur on the FILD in- 
struction. 


But, this situation changes if the numeric register stack 
is extended to memory on an 8087. To extend the NPX 
stack to memory, the invalid error is unmasked. A push 
to a full register or pop from an empty register will 
cause an invalid error. The recovery routine for the er- 
ror must recognize this situation, fixup the stack, then 
perform the original operation. . 


The recovery routine will not work correctly in the ex- 
ample. The problem is that there is no guarantee that 
COUNT will not be incremented before the 8087 can in- 
terrupt the host. If COUNT is incremented before the 
interrupt, the recovery routine will load a value of 
COUNT one too large, probably causing the program to 
fail. 


Error Synchronization and WAITs 


Error synchronization relies on the WAIT instructions 
required by instruction and data synchronization and 
the INT and BUSY signals of the 8087. When an un- 
masked error occurs in the 8087, it asserts the BUSY 
and INT signals. The INT signal is to interrupt the host, 
while the BUSY signal prevents the host from SeerOy 
ing the current numeric context. 
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The BUSY signal will never go inactive during a numeric 
instruction which asserts INT. 


The WAIT instructions supplied for instruction syn- | 


chronization prevent the host from starting another 
numeric instruction until the current error is serviced. In 
a like manner, the WAIT instructions required for data 
synchronization prevent the host from prematurely 
reading a value not yet stored by the 8087, or over- 
writing a value not yet read by the 8087. 


The host has two responsibilities when handling 
numeric errors.1.) It must not disturb the numeric con- 
text when an error is detected, and 2.) it must clear the 
numeric error and attempt recovery from the error. The 
recovery program invoked by the numeric error may 


resume program execution after proper fixup, display 


the state of the NDP for programmer action, or simply 
abort the program. In any case, the host must do 
something with the 8087. With the INT and BUSY 
signals active, the 8087 cannot perform any useful 
work. Special instructions exist for controlling the 8087 


when in this state. Later, an example is given of how to 


save the state of the NPX with an error pending. (See 
page 29) 


Deadlock 


An undesirable situation may result if the host cannot 


be interrupted by the 8087 when asserting INT. This sit- 
uation, called deadlock, occurs if the interrupt path 
from the 8087 to the host is broken. 


The 8087 BUSY signal prevents the host from executing 
further instructions (for instruction or data syn- 
chronization) while the 8087 waits for the host to service 


the exception. The host is waiting for the 8087 to finish 
the current numeric operation. Both the host and 8087 © 


are waiting on each other. This situation is stable unless 
the host is interrupted by some other event. 


Deadlock has varying affects on the NDP’s perfor- 
mance. If no other interrupts in the system are possible, 
the NDP will wait forever. If other interrupts can arise, 
then the NDP can perform other functions, but the af- 
fected numeric program will remain ‘‘frozen’’. 


SOLVING DEADLOCK 


Finding the break in the interrupt path is simple. Look 
for disabled interrupts in the following places: masked 
interrupt enable in the host, explicitly masked interrupt 
request in the interrupt controller, implicitly masked in- 
terrupt request in the interrupt controller due to a higher 
priority interrupt in service, or other gate functions, 
usually in TTL, on the host interrupt signal. 
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DEADLOCK AVOIDANCE 


Application programmers should not be concerned with 
deadlock. Normally, applications programs run with 


-- unmasked numeric errors able to interrupt them. Dead- 


lock is not possible in this case. Traditionally, systems 
software or interrupt handlers may run with numeric in- 
terrupts disabled. Deadlock prevention lies in this do- 
main. The golden rule to abide by is: ‘‘Never wait on the 
8087 if an unmasked error is possible and the 8087 inter- 
rupt path may be broken.”’ 


Error Synchronization Summary 


In summary, error synchronization involves protecting 
the state of the 8087 after an exception. Although not all 
applications may initially require error synchronization, 
it is just good programming practice to follow the rules. 
The advantage of being a ‘‘good’’ numerics program- 
mer is generality of your program so it can work in 
other, more general environments. 


Summary 


Synchronization is the price for concurrency in the 
NDP. Intel high level language compilers will auto- 
matically provide concurrency and manage it with syn- 
chronization. The assembly language programmer can 
choose between using concurrency or not. Placing a 
WAIT instruction immediately after any numeric in- 
struction will prevent concurrency and avoid synchro- 
nization concerns. 


The rules given above are complete and allow concur- 
rency to be used to full advantage. 


Synchronization and the Emulator 


The above discussion on synchronization takes on 
special meaning with the 8087 emulator. The 8087 emu- 
lator does not allow any concurrency. All numeric 
operand memory references, error tests, and wait for 
instruction completion occur within the emulator. As a 
result, programs which do not provide proper instruc- 
tion, data, or error synchronization may work with the 
8087 emulator while failing on the component. 


Correct programs for the 8087 work correctly on the 
emulator. 


Special Control Instructions of the NPX 


The special control instructions of the NPX: FNINIT, 
FNSAVE, FNSTENV, FRSTOR, FLDENV, FLDCW, 
FNSTSW, FNSTCW, FNCLEX, FNENI, and FNDISI 
remove some of the synchronization requirements men- 
tioned earlier. They are discussed here since they repre- 
sent exceptions to the rules mentioned on page 21. 


The instructions FNINIT, FNSAVE, FNSTENV, 


_ FNSTSW, FNCLEX, FNENI, and FNDISI do not wait 


for the current numeric instruction to finish before they 
execute. Of these instructions, FNINIT, FNSTSW, 
FNCLEX, FNENI and FNDISI will produce different 
results, depending on when they are executed relative to 
the current numeric instruction. 


For example, FNCLEX will cause a different status 
value to result from a concurrent arithmetic operation, 
depending on whether is is executed before or after the 
error status bits are updated at the end of the arithmetic 
operation. The intended use of FNCLEX is to clear a 
known error status bit which has caused BUSY to be 
asserted, avoiding deadlock. 


FNSTSW will safely, without deadlock, report the busy 
and error status of the NPX independent of the NDP in- 
terrupt status. 


FNINIT, FNENI, and FNDISI are used to place the 
NPX into a known state independent of its current 
state. FNDISI will prevent an unmasked error from 
asserting BUSY without disturbing the current error 
status bits. Appendix A shows an example of using 
FNDISI. 


The instructions FNSAVE and FNSTENV provide spe- 
cial functions. They allow saving the state of the NPX in 
a single instruction when host interrupts are disabled. 


Several host and numeric instructions are necessary to 

save the NPX status if the interrupt status of the host is 

unknown. Appendix A and B show examples of saving - 
the NPX state. As the Numerics Supplement explains, 

host interrupts must always be disabled when executing 

FNSAVE or FNSTENV. 


The seven instructions FSTSW/FNSTSW, FSTCW/ 
FNSTCW, FLDCW, FLDENV, and FRSTOR do not 
require explicit WAIT instructions for data synchro- 
nization. All of these instructions are used to interrogate 
or control the numeric context. 


Data synchronization for these instructions is 
automatically provided by the coprocessor interface. 
The 8087 will take exclusive control of the memory bus, 
preventing the host from interfering with the data values 
before the 8087 can read them. Eliminating the need for 
a WAIT instruction avoids potential deadlock pro- 
blems. 


The three load instructions FLDCW, FLDENV, and 
FRSTOR can unmask a numeric error, activating the 
8087 BUSY signal. Such an error was the result of a 
previous numeric instruction and is not related to any 
fault in the instruction. 


‘Data synchronization is automatically provided since 


the host’s interrupts are usually disabled in context swit- 
ching or interrupt handling, deadlock might result if the 
host executed a WAIT instruction with its interrupts 
disabled after these instructions. After the host inter- 
rupts are enabled, an interrupt will occur if an unmask- 
ed error was pending. 
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PROGRAMMING TECHNIQUES 


The NPX provides a stack-oriented register set with 
stack-oriented instructions for numeric operands. These 
registers and instructions are optimized for numeric 
programs. For many programmers, these are new re- 
sources with new programming options available. 


Using Numeric Registers and 
Instructions 


The register and instruction set of the NDP is optimized 
for the needs of numeric and general purpose programs. 
The host CPU provides the instructions and data types 
needed for general purpose data processing, while the 
8087 provides the data types and instructions for 
numeric processing. 


The instructions and data types recognized by the 8087 
are different from the CPU because numeric program 
requirements are different from those of general pur- 
pose programs. Numeric programs have long arithmetic 


expressions where a few temporary values are used in a 


few statements. Within these statements, a single value 
may be referenced many times. Due to the time involved 
to transfer values between registers and memory, a 
significant speed optimization is possible by keeping 
numbers in the NPX register file. 


In contrast, a general data processor is more concerned 
with addressing data in simple expressions and testing 
the results. Temporary values, constant across several 
instructions, are not as common nor is the penalty as 
large for placing them in memory.As a result it is 
simpler for compilers and programmers to manage 
memory based values. ) 


MAIN__PROGRAM: 
FLD A 
FADD ST, ST(1) 
CALL 
FSTP B 


SUBROUTINE: 
FLD ST 
FSQRT 
FADD C 
FMULP ST(1), ST 
RET 


SUBROUTINE 


NPX Register Usage 


The eight numeric registers in the NDP are stack ori- 
ented. All numeric registers are addressed relative to a 
value called the TOP pointer, defined in the NDP status 
register. A register address given in an instruction is ad- 
ded to the TOP value to form the internal absolute ad- 
dress. Relative addressing of numeric registers has ad- 
vantages analogous to those of relative addressing of 
memory operands. 


Two modes are available for addressing the numeric 
registers. The first mode implicitly uses the top and op- 
tional next element on the stack for operands. This 
mode does not require any addressing bits in a numeric 


* 


instruction. Special purpose instructions use this mode — 


since full addressing flexibility is not required. 


The other addressing mode allows any other stack ele- __ 


ment to be used together with the top of stack register. 
The top of stack or the other register may be specified as 


the destination. Most two-operand arithmetic instruc- 


tions allow this addressing mode. Short, easy to develop 
numeric programs are the result. 


Just as relative addressing of memory operands avoids 
concerns with memory allocation in other parts of a 
program, top relative register addressing allows registers 
to be used without regard for numeric register assign- 
ments in other parts of the program. 


STACK RELATIVE ADDRESSING EXAMPLE 


Consider an example of a main program calling a 
subroutine, each using register addressing independent 


of the other. (Fig. 19) By using different values of the © 


TOP field, different software can use the same relative 
register addresses as other parts of.the program, but 
refer to different physical registers. 


; Argument is in ST(0) 


; ST(0) = ST(1) = Argument 
; Main program ST(1) is 
; safe in ST(2) here 


Figure 19. Stack Relative Addressing Example 
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Of course, there is a limit to any physical resource. The 
NDP has eight numeric registers. Normally, program- 
mers must ensure a maximum of eight values are pushed 
on the numeric register stack at any time. For time- 
critical inner loops of real-time applications, eight regis- 
ters should contain all the values needed. 


REGISTER STACK EXTENSION 


This hardware limitation can be hidden by software. 
Software can provide ‘‘virtual’’ numeric registers, ex- 
panding the register stack size to 6000 or more. 


The numeric register stack can be extended into memory 
via unmasked numeric invalid errors which cause an in- 
terrupt on stack overflow or underflow. The interrupt 
handler for the invalid error would manage a memory 
_ image of the numeric stack copying values into and out 
of memory as needed. 


The NPX will contain all the necessary information to 
identify the error, failing instruction, required registers, 
and destination register. After correcting for the missing 
hardware resource, the original numeric operation 
could be repeated. Either the original numeric instruc- 
tion could be single stepped or the affect of the instruc- 
tion emulated by a composite of table-based numeric in- 
structions executed by the error handler. 


With proper data, error, and instruction synchroniza- 
tion, the activity of the error handler will be transparent 
to programs. This type of extension to the NDP allows 
programs to push and pop numeric registers without 
regard for their usage by other subroutines. 


Programming Conventions . 


_With a better understanding of the stack registers, let’s 
consider some useful programming conventions: Fol- 
lowing these conventions ensures compatibility with 
Intel support software and high level language calling 
conventions. : 


1) If the numeric registers are not extended to 
memory, the programmer must ensure that the 
number of temporary values left in the NPX stack 
and those registers used by the caller does not exceed 
8. Values can be stored to memory to provide enough 
free NPX registers. 


2) Pass the first seven numeric parameters to a subrou- 
tine in the numeric stack registers. Any extra param- 
eters can be passed on the host’s stack. Push the 
values on the register or memory stack in left to right 
order. If the subroutine does not need to allocate any 
more numeric registers, it can execute solely out of 
the numeric register stack. The eighth register can be 
used for arithmetic operations. All parameters 
should be popped off when the subroutine com- 


pletes. 
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3) Return all numeric values on the numeric stack. The 
caller may now take advantage of the extended preci- 
sion and flexible store modes of the NDP. 


4) Finish all memory reads or writes by the NPX before 
exiting any subroutine. This guararitees correct data 
and error synchronization. A numeric operation 
based solely on register contents is safe to leave run- 


ning on subroutine exit. 


5) The operating mode of the NDP should be transpar- 
ent across any subroutine. The operating mode is 
defined by the control word of the NDP. If the sub- 
routine needs to use a different numeric operating 
mode than that of the caller, the subroutine should 
first save the current control word, set the new oper- 
ating mode, then restore the original control word 


when completed. 


PROGRAMMING EXAMPLES 


The last section of this application note will discuss five 
programming examples. These examples were picked to 
illustrate NDP programming techniques and commonly 
used functions. All have been coded, assembled, and 
tested. However, no guarantees are made regarding 
their correctness. 


The programming examples are: saving numeric 
context switching, save numeric context without 
FSAVE/FNSAVE, converting ASCII to floating point, 
converting floating point to ASCII, and trigonometric 
functions. Each example is listed in a different appendix 
with a detailed written description in the following text. 
The source code is available in machine readable form 
from the Intel Insite User’s Library, ‘‘Interactive 8087 
Instruction Interpreter,’’ catalog item AA20. 


The examples provide some basic functions needed to 
get started with the numeric data processor. They work 
with either the 8087 or the 8087 emulator with no source 
changes. 


The context switching examples are needed for 
operating systems or interrupt handlers which may use 
numeric instructions and operands. Converting between 
floating point and decimal ASCII will be needed to in- 
put or output numbers in easy to read form. The trigo- 
nometric examples help you get started with sine or 
cosine functions and can serve as a basis for optimiza- 
tions if the angle arguments always fall into a restricted 
range. 
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OVERVIEW ‘Using FSAVE 


Appendix A shows deadlock-free examples of numeric 
context switching. Numeric context switching is re- 
quired by interrupt handlers which use the NPX and 
operating system context switchers. Context switching 
consists of two basic functions, save the numeric con- 
text and restore it. These functions must work indepen- 
dent of the current state of the NPX. 


Two versions of the context save function are shown. — 


They use different versions of the save context instruc- 
tion. The FNSAVE/FSAVE instructions do all the work 
of saving the numeric context. The state of host inter- 
rupts will decide which instruction to use. 


Using FNSAVE ; 


The FNSAVE instruction is intended to save the NPX 
context when host interrupts are disabled. The host does 
not have to wait for the 8087 to finish its current opera- 
tion before starting this operation. Eliminating the in- 
struction synchronization wait avoids any potential 
deadlock. 


The 8087 Bus Interface Unit (BIU) will save this instruc- 
tion when encountered by the host and hold it until the 
8087 Floating point Execution Unit (FEU) finishes its 
current operation. When the FEU becomes idle, the 
BIU will start the FEU executing the save context opera- 
tion. | 


The host can execute other non-numeric instructions 


after the FNSAVE while the BIU waits for the FEU to 
finish its current operation. The code starting at 
NO_INT_NPX_SAVE shows how to use the 
FNSAVE instruction. 


When executing the FNSAVE instruction, host inter- 
rupts must be disabled to avoid recursions of the in- 
struction. The 8087 BIU can hold only one FNSAVE in- 
struction at a time. If host interrupts were not disabled, 
another host interrupt might cause a second FNSAVE 
instruction to be executed, destroying the previous one 
saved in the 8087 BIU. 


It is not recommended to explicitly disable host inter- 
rupts just to execute an FNSAVE instruction. In 
general, such an operation may not be the best course of 
action or even be allowed. 


If host interrupts are enabled during the NPX context 
save function, it is recommended to use the FSAVE in- 
struction as shown by the code starting at NPX_SAVE. 
This example will always work, free of deadlock, in- 
dependent of the NDP interrupt state. 


The FSAVE instruction performs the same operation as 


FNSAVE but it uses standard instruction synchroniza- © 


tion. The host will wait for the FEU to be idle before 
initiating the save operation. Since the host ignores all 
interrupts between completing a WAIT instruction and 
starting the following ESCAPE instruction, ‘the FEU is 
ready to immediately accept the operation (since it is not 


signalling BUSY). No recursion of the save context | 


operation in the BIU is possible. However, deadlock 


must be considered since the host executes a WAIT in- 


struction. 


To avoid deadlock when using the FSAVE instruction, 


the 8087 must be prevented from signalling BUSY when | 


an unmasked error exists. 


i 


The Interrupt Enable Mask (IEM) bit in the NPX con- 
trol word provides this function. When IEM=1, the 


8087 will not signal BUSY or INT if an unmasked error | 


exists. The NPX instruction FNDISI will set the IEM in- 
dependent of any pending errors without causing 
deadlock or any other errors. Using the FNDISI and 


FSAVE instructions together with a few other glue in- | 


structions allows a general NPX context save function. 


Standard data and instruction synchronization is re- 


quired after executing the FNSAVE/FSAVE instruc- 
tion. The wait instruction following an FNSAVE/ 
FSAVE instruction is always safe since all NPX errors 
will be masked as part of the instruction execution. 
Deadlock is not possible since the 8087 will eventually 
signal not busy, allowing the host to continue on. 


PLACING THE SAVE CONTEXT FUNCTION 


Deciding on where to save the NPX context in an inter- 
rupt handler or context switcher is dependent on 
whether interrupts can be enabled inside the function. 
Since interrupt latency is measured in terms of the max- 
imum time interrupts are disabled, the maximum wait 
time of the host at the data synchronizing wait instruc- 
tion after the FNSAVE or the FSAVE instruction is im- 
portant if host interrupts are disabled while waiting. 


The wait time will be the maximum single instruction 
execution time of the 8087 plus the execution time of the 
save operation. This maximum time will be approxi- 
mately 1300 or 1500 clocks, depending on whether the 
host is an 8086 or 8088, respectively. The actual time 
will depend on how much concurrency of execution bet- 
ween the host and 8087 is provided. The greater the 
concurrency, the lesser the maximum wait time will be. 
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If host interrupts can be enabled during the context save 
function, it is recommended to use the FSAVE instruc- 
tion for saving the numeric context in the interruptable 
section. The FSAVE instruction allows instruction and 
data synchronizing waits to be interruptable. This 
technique removes the maximum execution time of 8087 
instructions from system interrupt latency time con- 
. siderations. 


It is recommended to delay starting the numeric save 
_ function as long as possible to maintain the maximum 
amount of concurrent execution between the host and 
the 8087. 


_NPX_save 


Using FRSTOR 


Restoring the numeric context with FRSTOR does not 
require a data synchronizing wait afterwards since the 
8087 automatically prevents the host from interfering 
with the memory load operation. 


The code starting with NPX_RESTORE illustrates the 
restore operation. Error synchronization is not 
necessary since the FRSTOR instruction itself does not 
cause errors, but the previous state of the NPX may in- 
dicate an error. 


If further numeric instructions are executed after the 
FRSTOR, and the error state of the new NPX context is 
unknown, deadlock may occur if numeric exceptions 
cannot interrupt the host. 


; General purpose save of NPX context. This function will work independent of the interrupt State of 
; the NDP. Deadlock can not occur. 47 words of memory are required by the variable save__area. 


; Register ax is not transparent across this code. 


Save_area 


- Save IEM bit status 


; Delay while 8087 saves control register 
; Disable 8087 BUSY signal 


‘ax, Save_area 
Save_area 


; Get original control word 
; Save NPX context, the host can be safely interrupted while 


; waiting for the 8087 to finish. Deadlock is not possible since 
; IEM= 1.Wait for save to finish. Put original control word into 


save_area, ax 


no_int_NPX_save 


; NPX context area. All done 


; Save the NPX context with host interrupts disabled. No deadlock is possible. 47 words of memory 


; are required by the variable save_area. 
no_int_NPX_save: 


FNSAVE save_area 
FWAIT 


NPX_restore 


; Save NPX context. Wait for save to finish, no deadlock 
; is possible. Interrupts may be enabled now, all done 


; Restore the NPX context saved earlier. No deadlock is possible if no further numeric instructions 
; are executed until the 8087 numeric error interrupt is enabled. The variable save_area is assumed 
; to hold an NPX context saved earlier. It must be 47 words long. 


NPX_restore: 
FRSTOR 


Save_area 


* Load new NPX context 
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APPENDIX B 


OVERVIEW 


Appendix B shows alternative techniques for switching 
the numeric context without using the FSAVE/ 
FNSAVE or FRSTOR instructions. These alternative 
techniques are slower than those of Appendix A but 
they reduce the worst case continuous local bus usage of 
the 8087. | 


Only an iAPX 86/22 or iAPX 88/22 could derive any 
benefit from this alternative. By replacing all 
FSAVE/FNSAVE instructions in the system, the worst 
case local bus usage of the 8087 will be 10 or 16 con- 
secutive memory cycles for an 8086 or 8088 host, respec- 
tively. 


Instead of saving and loading the entire numeric context 
in one long series Of memory transfers, these routines 
use the FSTENV/FNSTENV/FLDENV instructions 
and separate numeric register load/store instructions. 
Using separate load/store instructions for the numeric 
registers forces the 8087 to release the local bus after 
each numeric load/store instruction. The longest series 
of back-to-back memory transfers required by these 
instructions are 8/12 memory cycles for an 8086 or 8088 
host, respectively. In contrast, the FSAVE/ 
FNSAVE/FRSTOR instructions perform 50/94 back- 
to-back memory cycles for an 8086 or 8088 host. 


Compatibility With FSAVE/FNSAVE 


This function produces a context area of the same for- 
mat produced by FSAVE/FNSAVE instructions. Other 
software modules expecting such a format will not be 
affected. All the same interrupt and deadlock considera- 
tions of FSAVE and FNSAVE also apply to FSTENV 
and FNSTENV. Except for the fact that the numeric 
environment is 7 words rather than the 47 words of the 
numeric context, all the discussion of Appendix A also 
applies here. 


& 


The state of the NPX registers must be saved in memory 
in the same format as the FSAVE/FNSAVE instruc- 
tions. The program example starting at the: label 
SMALL_BLOCK_NPX_SAVE illustrates a software 
loop that will store their contents into memory in the 
same top relative order as that of FFAVE/FNSAVE. 


To save the registers with FSTP instructions, they must 
be tagged valid, zero, or special. This function will force 
all the registers to be tagged valid, independent of their 
contents or old tag, and then save them. No problems 
will arise if the tag value conflicts with the register’s 
content for the FSTP instruction. Saving empty regis- 
ters insures compatibility with the FSFAVE/FNSAVE in- 
structions. After saving all the numeric registers, they 
will all be tagged empty, the same as if an 
FSAVE/FNSAVE instruction had been executed. 


Compatibility With FRSTOR 


Restoring the numeric context reverses the procedure 
described above, as shown by the code starting at 
SMALL_BLOCK_NPX_RESTORE. All eight regis- 
sters are reloaded in the reverse order. With each 
register load, a tag value will be assigned to each 
register. The tags assigned by the register load does not 
matter since the tag word will be overwritten when the 
environment is reloaded later with FLDENV. 


Two assumptions are required for correct operation of 
the restore function: all numeric registers must be empty 
and the TOP field must be the same as that in the con- 
text being restored. These assumptions will be satisfied 
if a matched set of pushes and pops were performed bet- 
ween saving the numeric context and reloading it. 


If these assumptions cannot be met, then the code exam- 
ple starting at NPX_CLEAN shows how to force all the 
NPX< registers empty and set the TOP field of the status 


word. 
4 
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; Save the NPX context independent of NDP interrupt state. Avoid using the FSAVE instruction to 
; limit the worst case memory bus usage of the 8087. The NPX context area formed will appear the 


smaill_block_NPX_save: 


FNSTCW_ save_area 


ax, Save_area 
cx, 8 

bx, bx 
save_area 


Save_area+ 4, bx 
save_area . 
Save_ area, ax 
save_area+ 4, b 
Dx Bes <4 


reg_store_loop: 


NPX_clean 


FSTP saved_reg [bx] 
ADD bx, type saved_reg 
LOOP reg__store_loop 


wes we we we wee wee we le le hl OC hl lhl hl 


* same as if an FSAVE instruction had written into it. The variable save_area will hold the NPX 
; context and must be 47 words long. The registers ax, bx, and cx will not be transparent. 


Save current IEM bit 
Delay while 8087 saves control register 
Disable 8087 BUSY signal 


Get original control word 

Set numeric register count 

Tag fieid value for stamping all! registers as valid 

Save NPX environment 

Wait for the store to complete 

Get original tag value and set new tag value 

Force all register tags as valid. BUSY is still masked. No data 
synchronization needed. Put original control word into NPX 
environment. Put original tag word into NPX environment 
Set initial register index 


; Save register 
; Bump pointer to next register 


: All done 


; numeric registers tagged empty. Save_area must be the NPX environment saved earlier. 
; Temp_env is a7 word temporary area used to build a prototype NPX environment. Register ax will 
; not be transparent. 


ax, Save_area+ 2 
ax, 3800H 
temp_env 


temp_env + 2, ax 
temp_env 


Put NPX into known state 

Get original status word 

Mask out the top field 

Format a temporary environment area with all registers 
stamped empty and TOP field =0. 

Wait for the store to finish. 

Put in the desired TOP value. 

Setup new NPX environment. 

Now enter small_block_NPX_restore 


wewe we we we we we we we 
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; Force the NPX into aclean state with TOP matching the TOP field stored in the NPX context and all. 
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od 


small_block_NPX_restore 


; Restore the NPX context without using the FRSTOR instruction. Assume the NPX context is in the 
; same form as that created by an FSAVE/FNSAVE instruction, all the registers are empty, and that 
; the TOP field of the NPX matches the TOP field of the NPX context. The variable save_area must 
; be an NPX context save area, 47 words long. The registers bx and cx will not be transparent. 


small_block_NPX_restore: 
MOV cx, & 
MOV 
reg__load_loop: 


saved_reg [bx] 
bx, type saved_reg 
reg_load_loop 


FLDENV' save_area 


; Set register count 
bx, type saved_reg*7 ; Starting offset of ST(7) 


; Get the register 
; Bump pointer to next register 


; Restore NPX context 


' All done 


APPENDIX C 


OVERVIEW 


Appendix C shows how floating point values can be 
converted to decimal ASCII character strings. The func- 
tion can be called from PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86 functions. 


Shortness, speed, and accuracy were chosen rather than 
» providing the maximum number of significant digits 
possible. An attempt is made to keep integers in their 
own domain to avoid unnecessary conversion errors. 


Using the extended precision real number format, this 
routine achieves a worst case accuracy of three units in 
the 16th decimal position for a non-integer value or in- 
tegers greater than’10!8. This is double precision ac- 
curacy. With values having decimal exponents less than 
100 in magnitude, the accuracy is one unit in the 17th 
decimal position. 


Higher precision can be achieved with greater care in 
programming, larger program size, and lower perfor- 
mance. 


Function Partitioning 


‘Three separate modules implement the conversion. 
Most of the work of the conversion is done in the mod- 
ule FLOATING_TO_ASCII. The other modules are 
provided separately since they have a more general use. 
One of them, GET_POWER__10, is also used by the 
ASCII to floating point conversion routine. The other 
small module, TOS_STATUS, will identify what, if 
anything, is in the top of the numeric register stack. 
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Exception Considerations 


Care is taken inside the function to avoid generating ex- 
ceptions. Any possible numeric value will be accepted. 
The only exceptions possible would occur if insufficient 
space exists on the numeric register stack. 


The value passed in the numeric stack is checked for ex- 
istence, type (NAN or infinity), and status (unnormal, 
denormal, zero, sign). The string size is tested for a 
minimum and maximum value. If the top of the register 
stack is empty, or the string size is too small, the func- 
tion will return with an error code. 


Overflow and underflow is avoided inside the function 
for very large or very small numbers. 
Special Instructions 


The functions demonstrate the operation of several 
numeric instructions, different data types, and precision 


control. Shown are instructions for automatic conver-. 


sion to BCD, calculating the value of 10 raised to an in- 
teger value, establishing and maintaining concurrency, 
data synchronization, and use of directed rounding on 
the NPX. 


Without the extended precision data type and built-in 
exponential function, the double precision accuracy of 
this function could not be attained with the size and 
speed of the shown example. 


The function relies on the numeric BCD data type for 
conversion from binary floating point to decimal. It is 
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not difficult to unpack the BCD digits into separate 
ASCII decimal digits. The major work involves scaling 
the floating point value to the comparatively limited 
range of BCD values. To print a 9-digit result requires 


- accurately scaling the given value to an integer between 


108 and 109. For example, the number +0.123456789 


‘requires a scaling factor of 109 to produce the value 


+ 123456789.0 which can be stored in 9 BCD digits. The 
scale factor must be an exact power of 10 to avoid to 


changing any of the printed digit values. 


These routines should exactly convert all values exactly 
representable in decimal in the field size given. Integer 
values which fit in the given string size, will not be 
scaled, but directly stored into the BCD form. Non- 
integer values exactly representable in decimal within 
the string size limits will also be exactly converted. For 
example, 0.125 is exactly representable in binary or 
decimal. To convert this floating point value to decimal, 
the scaling factor will be 1000, resulting in 125. When 
scaling a value, the function must keep track of where 
the decimal point lies in the final decimal value. 


DESCRIPTION OF OPERATION 


Converting a floating point number to decimal ASCII 
takes three major steps: identifying the magnitude of 
the number, scaling it for the BCD data type, and con- 
verting the BCD data type to a decimal ASCII string. 


Identifying the magnitude of the result requires finding 
the value X such that the number is represented by 
I*10%, where 1.0 <= I < 10.0. Scaling the number re- 
quires multiplying it by a scaling factor 10S, such that 
the result is an integer requiring no more decimal digits 
than provided for in the ASCII string. 


Once scaled, the numeric rounding modes and BCD 
conversion put the number in a form easy to convert to 
decimal ASCII by host software. 


Implementing each of these three steps requires atten- 
tion to detail. To begin with, not all floating point 
values have a numeric meaning. Values such as infinity, 
indefinite, or Not A Number (NAN) may be en- 
countered by the conversion routine. The conversion 
routine should recognize these values and identify them 
uniquely. 


Special cases of numeric values also exist. Denormals, 
unnormals, and pseudo zero all have a numeric value 
but should be recognized since all of them indicate that 
precision was lost during some earlier calculations. 


Once it has been determined that the number has a 
numeric value, and it is normalized setting appropriate 
unnormal flags, the value must be scaled to the BCD 
range. 
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Scaling the Value 


To scale the number, its magnitude must be determined. 
It is sufficient to calculate the magnitude to an accuracy 
of 1 unit, or within a factor of 10 of the given value. 
After scaling the number, a check will be made to see if 
the result falls in the range expected. If not, the result 
can be adjusted one decimal order of magnitude up or 
down. The adjustment test after the scaling is necessary 
due to inevitable inaccuracies in the scaling value. 


Since the magnitude estimate need only be close, a fast 
technique is used. The magnitude is estimated by multi- 
plying the power of 2, the unbiased floating point expo- 
nent, associated with the number by log)92. Rounding 
the result to an integer will produce an estimate of suffi- 
cient accuracy. Ignoring the fraction value can in- 
troduce a maximum error of 0.32 in the result. 


Using the magnitude of the value and size of the number 
string, the scaling factor can be calculated. Calculating 
the scaling factor is the most inaccurate operation of the 
conversion process. The relation 10% = 2**(X*log>10) is 
used for this function. The exponentiate instruction 
(F2XM1) will be used. 


Due to restrictions on the range of values allowed by the 
F2XM1 instruction, the power of 2 value will be split in- 
to integer and fraction components. The relation 
2**(1+ F)=2**I * 2**F allows using the FSCALE in- 
struction to recombine the 2**F value, calculated 
through F2XM1, and the 2**I part. 


Inaccuracy in Scaling 


The inaccuracy of these operations arises because of the 
trailing zeroes placed into the fraction value when strip- 
ping off the integer valued bits. For each integer valued 
bit in the power of 2 value separated from the fraction . 
bits, one bit of precision is lost in the fraction field due 
to the zero fill occurring in the least significant bits. 


Up to 14 bits may be lost in the fraction since the largest 
allowed floating point exponent value is 2!4— 1. 


AVOIDING UNDERFLOW AND OVERFLOW 


The fraction and exponent fields of the number are sep- 
arated to avoid underflow and overflow in calculating 
the scaling values. For example, to scale 10-4932 to 108 
requires a scaling factor of 104959 which cannot be rep- 
resented by the NPX. 


By separating the exponent and fraction, the scaling 
operation involves adding the exponents separate from 
multiplying the fractions. The exponent arithmetic will 
involve small integers, all easily represented by the 
NPX. 
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FINAL ADJUSTMENTS 


It is possible that the power function (Get__Power__10) 
could produce a scaling value such that it forms a scaled 
result larger than the ASCII field could allow. 
For example, scaling 9.9999999999999999e4900 
by 1.00000000000000010e-4883 would produce 
1.00000000000000009e18. The scale factor is within the 
accuracy of the NDP and the result is within the conver- 
sion accuracy, but it cannot be represented in BCD for- 
mat. This is why there is a post-scaling test on the 
magnitude of the result. The result can be multiplied or 
divided by 10, depending on whether the result was too 
small or too large, respectively. 


Output Format 


For maximum flexibility in output formats, the position 
of the decimal point is indicated by a binary integer 
called the power value. If the power value is zero, then 
the decimal point is assumed to be at the right of the 
right-most digit. Power values greater than zero indicate 
how many trailing zeroes are not shown. For each unit 
below zero, move the decimal point to the left in the 
string. 


The last step of the conversion is storing the result in _ 
BCD and indicating where the decimal point lies. The 


BCD string is then unpacked into ASCII decimal char- 
acters. The ASCII sign is set corresponding to the sign 
of the original value. 


The maximum width of the ASCII string 


Unnormal values, 


precision were lost in an unnormal or denormal value. The magnitude 
(in terms of binary power) of a psuedo zero will also be indicated. 
Integers less than 16**18 in magnitude are accurately converted if the 


conversion complete, string size is defined 


exact integer conversion, string size is defined 


psuedo zero found, string _size is defined 


The floating point value is expected to be on the top of the NPX 
stack. This subroutine expects 3 free entries on the NPX stack and 
will pop the passed value off when done. The generated ASCII string 
will have a leading character either '-' or ‘'+' indicating the: sign 


LINE SOURCE 

1 Stitle(Convert a floating point number to ASCIT) 

2 name floating_to ascii 

3 public floating_ “to ascii 

4 extrn get_power 16: near,tos status:near 

5 ; 

6 ; This subroutine will convert the floating point number in the 
y ; top of the 8887 stack to an ASCII string and separate power of 18 
8 ; scaling value (in binary). 

9 ; formed is controlled by a parameter which must be > l. 
16 ; denormal values, and psuedo zeroes will be correctly converted. 
Bi ; A returned value will indicate how many binary bits of 

12 ; 

i ; 

14 3 

.3 : destination ASCII string field is wide enough to hold all the 
16 ; digits. Otherwise the value is converted to scientific notation. 
17 ; ; 

18 3 The status of the conversion is identified by the return value, 
19 ; it can be: 

26 ; 

21 H Y,) 

22 3 1 invalid arguments 

23 ; 2 
24 3 3 indefinite 
25 3 4 + NAN (Not A Number) 
26 3 5 - NAN 

27 ; 6 + Infinity 

28 ; 3 - Infinity 

29 ; 8 

38 : 

31 : The PLM/86 calling convention is: 

Se 3 

33 :; floating to ascii: 

34 3 procedure (number,denormal ptr,string _ptr,size_ptr,field size, 
35 3 power ptr) word external; 

36 declare (denormal ptr,string _ptr,power _ptr,size ptr) pointer; 
37 : declare field size word, string _size based size “ptr word; 

38 ; declare number real; 

39 ; declare denormal integer based denormal ptr; 

40 ; declare power integer based power _ptr; 

41 : end floating _to_ascii; 
42 ; 

43 ; 

44 ; 
45 ; 

46 ; 

47 ; of the value. The ASCII decimal digits will immediately follow. 
48 ; 


The numeric value of the ASCII string is (ASCII STRING.) *16**POWER. 


: = oh ie ie DS LO eg IE oral Tide SF By ye dae ae Spee 
ise great ee ee ei, et ee i" x ei Fes aS Ty a oe * mee ob Eat Teds } er he 
j : ya 
AP-113 
49 ; It the given number was zero, the ASCII string will contain a sign 
58 ; and a single zero chacter. The value string size indicates the total 
51 ; length of the ASCII string including the sign character. String(@) will 
52° ; always hold the sign. It is possible for string size to be less than 
53 ; field size. This occurs for zeroes or integer values. A pSuedo zero 
54 3 will return a special return code. The denormal count will indicate 
- 55 : the power of two originally associated with the value. The power of 
3 56 ; ten and ASCII string will be as if the value was an ordinary zero. 
57 ; 
58 : This subroutine is accurate up to a maximum of 18 decimal digits for 
59 ; integers. Integer values will have a decimal power of zero associated 
69 3 with them. For non integers, the result will be accurate to within 2 
61 : decimal digits of the 16th decimal place (double precision). The 
62 3 exponentiate instruction is also used for scaling the value into the 
ma ; range acceptable for the BCD data type. The rounding mode in effect 
‘ 64 r} on entry to the subroutine is used for the conversion. 
65 ; 
66 ; The following registers are not transparent: 
67 ; 
68 ; ax bx cx dx si di flags 
69 : 
t 70 
f yf 7 
neo. : Define the stack layout. 
73 ; 
74 bp_save equ word ptr [bp] 
75 es save equ bp_save + size bp_save 
76 return ptr equ es _save + size es _save 
aD power ptr equ return _ptr + size “return _ptr 
78 field size equ power ptr + size power ptr 
79 size ptr equ field size + size field_size 
88 string ptr equ size _ptr + size size _ptr 
81 denormal ptr equ string_ ptr + size string _ptr 
82 
83 parms_ size equ size power ptr + size field size + size size ptr + 
} 84 & size string _ptr + size denormal _ptr 
85 , a 
86 ; Define constants used 
87 3 
88 BCD DIGITS equ 18 ; Number of digits in bcd value 
89 WORD SIZE equ 2 3 ‘si 
99 BCD SIZE equ 10 
91 MINUS equ is ; Define return values 
92 NAN equ 4 ; The exact values chosen here are 
93 INFINITY equ 6 ; important. They must correspond to 
94 INDEFINITE equ 5 ; the possible return values and be in 
95 PSUEDO_ ZERO equ 8 ; the same numeric order as tested by 
96 INVALID equ -2 ; the program. 
97 ZERO equ -4 
98 DENORMAL equ -6 
<7 99 UNNORMAL equ -8 
a 166 © NORMAL equ 8 
| 101 EXACT equ 2 
162 ; 
183 ; - Define layout of temporary storage area. 
104 3 
165 status equ word ptr [bp-wORD SIZE} 
186 power two equ status - WORD SIZE 
167 power ten equ power _two - WORD SIZE 
188 bed value equ tbyte “ptr power ten - BCD _SIZE 
109 bed_byte equ byte ptr bcd_value 
118 fraction equ bed value 
uA a ‘a 
112 local_size equ size status + size power _ two + size power _ten 
113 & + size bcd_value 
114 ; 
115 ; Allocate stack space for the temporaries so the stack will be big enough 
1:36 : 
1l/ stack segment stack 'stack‘' ; 
118 db (local _size+6) dup (?) 
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136 


La? 


; 4 j <” . 
; Constants used by this function. 44 oe 
: 29 , F. sf gibt ah 
even ; ; Optimize for’ 16° bits ‘ : 
constl@ dw 10 ; Adjustment value for too big BCD nd Ts 
; Lt OT} 
3 Convert the C3,C2,C1,C@ Stina from tos _Status into meaninsful bit 
“is esi and values. for, 
PI ‘ ~ 
status table db UNNORMAL, NAN, UNNORMAL + MINUS, NAN + MINUS, ; ¥ 
; ag a 
& NORMAL, INFINITY, NORMAL + MINUS, INFINITY + MINUS, 
AF 
& ZERO, INVALID, ZERO + MINUS, INVALID, ot Sie 
& ‘ DENORMAL, INVALID, DENORMAL + MINUS, INVALID rot 


ret . parms_size_ ak ‘i 
4 Remove infinity from stack and exit. , ae 
found thfinity: oe 
fstp st (@) Let ; OK to leave fstp running | 
jmp short exit _proc rae / 
¥ String space is too’small! Return invalid code. a 
email _String: | | | 


cgroup : group code ; peseirer 

gode FF '.53 Segment public ‘code’ sda 1: 
assume cs:cgroup | re 
extrn power _ table: qword 


floating _to_ascii proc : | ; f 


Look at status of ST(@) 


call tos status ; 

mov bx, ax ; Get descriptor from table ie eh ee, 
mov al,status table(bx] te 
cmp al, INVALID ; Look for empty ST(®@) 

jne not_empty P 


ST(@) 1S empty! Return the status value. 


mov al, INVALID 


exit proc: 


mov  sp,bp En rk ; Free stack space 
pop bp ; Restore registers 
pop es ’ . 

ret parms size 


ST(@) 1S NAN or indefinite. Store the value in memory and look 
at the fraction field to separate indefinite from an ordinary NAN. 


NAN _or_indefinite: 


) 
? 


fstp fraction ag ; Remove value from stack for examination — 
test §al,MINUS a5 ; Look at sign bit © : , Ltn 
fwait | tes uth STE FH oe . Insure store is done =~" = mars 
je athe spree es eS Can't be indefinite al porinlye: | 
an i iY, , ¢ ban? > ps ais 1 ta 4 ‘ ; . r oe . ‘ uci 
Pes Ge TSS 3 fd. ou to iz res am > tok : yes i Z fies % wm he * 
este ’ spars od EER ee lye 3 EERE GE eee 
= ‘ ee i’ ¥ et E ah * MA) ~ - tr “4 A a? m ie 3 7 Seay tote a 
: | Poles e as 42) Se eee = Say ‘oe BO Pg Sty See: 
‘ “ +> =F, 0 Zh. —— a f ; 4 =X + Be ey it. *~ ~< We. 
‘ (i. - eres iF. - PA 4 a 8 Pa 4 , mois : ye at ps Se Salt ta, 
* cde 2 Pee + ¥e 4 ve ae i fa F 4 >. Sd i < r <i ma eh ig - e . 
Sew e a ee Es 4 Mopars sac” SA ig at ’ * al ee er a 


i a a 
ot or ee bx , 8C806H 


=e Se Be te FeO 


ss a -- sense IEA age 
Match against upper 16 pits of fraction 


Compare bits 63-48 | 
Bits 32-47 must be zero ’ 
Bits 31-16 must be zero 
Bits 15-9 must be zero 


¢ 


Set return value for indefinite value 


Allocate stack space for local variables and establish parameter 


sub. bx,word ptr fraction+6 
or bx,word ptr fraction+4 
or bx,word ptr fraction+2 
ee a" Of bx,word ptr fraction 
. jnz _ exit _proc 
mov al, INDEFINITE 
jmp exit proc 
; 
; 
; addressibility. 
? ? 
not empty ; 
push es 
- push bp 
mov bp,sp 
sub .sp,local size . 
mov cx,field size 
cmp CX, 2 ; 
fe small_ string 
dec cx 
cmp cx,BCD DIGITS 
jbe size_ok 
j mov cx,BCD_ DIGITS 
size_ok: 
cmp al, INFINITY 
jge found infinity 
cmp al,NAN 
jge NAN or_indefinite 


Set default return values and 


eT 


fabs 

mov dx,ax 

xor ax,ax 

mov di,denormal 

mov word ptr [di],ax 
mov bx,power ptr 

mov word ptr [bx] ,ax 
cmp d1,ZERO 

jae real zero 

cmp d1,DENORMAL 

jae found denormal 
fxtract 

cmp d1,UNNORMAL 

jb normal value 

sub d1,UNNORMAL-NORMAL 


the denormal count value. 


Assert: @ <= ST(®) < 1.90 


=e Se Se Be Ge Be 


fldl 
normalize fraction: 
fadd 


fsub 
fxtract 


st(l),st 


£xch 
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=e 


=e @e =e 


=e 


=e Se 


=e 


‘Save working register 


Establish stack addressibility 


Check for enough string space 


Adjust for sign character 
See if string is too large for BCD 


Else set maximum string size 


‘Look for infinity 


Return status value for + or - inf. 


Look for NAN or INDEFINITE 


check that the number is normalized. 


=e te =e Se Be 


=e 


=e Se Se Te Ge 


Use positive value only 

sign bit in al has true sign of value 
Save return value for later 

Form @ constant 

Zero denormal count 

Zero power of ten value 

for zero 

power code if value is zero 


Test 
Skip 


Look for a denormal value 
Handle it specially 


Separate exponent from significand 
Test for unnormal value 


Return normal status with correct sign 


Normalize the fraction, adjust the. power of two in ST(1) and set 


Load constant to normalize fraction 


Set integer bit in fraction 

Form normalized fraction in ST(@) 

Power of two field will be ReaeEnNS 

of denormal count et 
Put denormal count in ST(). 


. j 3 ; . a oe: 


ere ae G24 SEES A eee net UR ee 2 Sena Buse ee Nie $i ht eee 
> : of aw . LP = Sita ig ean ANS =e" 
: ae ESaA eae Swe xo 

7 


: Aes 
255 fist word ptr [di] | ; Put negative of denormal count in memory Sis 
256. faddp  st(2),st — ; Form correct power of two in st(1l) ese 
257 ; OK to use word ptr [di] now ; nae Sheet 
258 neg word ptr [di] ; Form positive denormal count Pee i 
259° jnz not_psuedo zero i 
260 ; ie) | hes 
261 3 A psuedo zero will appear as an unnormal number. When attempting Speers 
262 ; to normalize it, the resultant fraction field will be zero. Performing oS gS alaas 
263 ; an fxtract on zero will yield a zero exponent value. ERS SE 
264 ; tr ron Re 
265 fxch ; Put power of two value in st(®) ‘Seas 
266 fistp word ptr [di] ; Set denormal count to power of two value - 
267 ; Word ptr [di] is not used by convert “ 
268 ; integer, OK to leave running og ene 
269 sub d1,NORMAL-PSUEDO_ ZERO ; Set return value saving the sign bit ee 
276 jmp convert _integer ; Put zero value into memory ag 
271 : See 
272 ; The number is a real zero, set the return value and setup for op eee gee os 
273 ; conversion to BCD, BSS ih 
274 ; ve 
275 real zero: 
276 i 
277 sub d1,ZERO-NORMAL ; Convert status to normal value 
278 jmp convert integer ; Treat the zero as an integer 
279 ; . 
286 ? The number is a denormal. FXTRACT will not work correctly in this _ ete 
281 ? case. To correctly separate the exponent and fraction, add a fixed pitne at 
282 <> constant to the exponent to guarantee the result is not a denormal. aes Rs 
283 ; ier 
284 found denormal: 
285 4 Fi 
286 fldl ; Prepare to bump exponent Seige 
287 fxch ; 5 
288 fprem ; Force denormal to smallest representable . 
289 ; extended real format exponent = 
296 fxtract ; This will work correctly now . 
291 ; : 
292 : The power of the original denormal value has been safely isolated. , 
293 ; Check if the fraction value is an unnormal. 
294 . , ; a 
295 fxam ; See if the fraction is an unnormal oe 
296 fstsw status ; Save status for later 
297 fxch ; Put exponent in ST(®6) : 
298 fxch st (2) . ; Put 1.8 into ST(®@), exponent in ST(2) : 
299 sub d1,DENORMAL=NORMAL ; Return normal status with correct sign = 
368 ‘test status, 44066H ; See if C3=C2=8 impling unnormal or NAN 
301 Be normalize fraction ; Jump if fraction is an unnormal 
362 
363 fstp st (8) ; Remove unnecessary 1.8 from st(9) 
364 ; 
305 ; Calculate the decimal magnitude associated with this number to 
306 ; within one order. This error will always be inevitable due to 
307 ; rounding and lost precision. As a result, we will deliberately fail 
308 : to consider the LOG18 of the fraction value in calculating the order. 
369 ; Since the fraction will always be 1 <= F <¢ 2, its LOG16 will not change 
318 3 the basic accuracy of the function. To get the decimal order of magnitude, 
ali ; simply multiply the power of two by oak a and truncate the result to 
312 ; an integer. 
313 ; 
314 normal value: 
315 not psuedo zero: 
316 ¥ a2 
317 fstp fraction ; Save the fraction field for later use 
318 fist power two ; Save power of two 
319 fldlg2 ‘4 ; Get LOG16(2) 
328 ; Power two is’‘now safe to use 
321 fmul ; Form LOG1@(of exponent of number) 
322 fistp power ten ; Any rounding mode will work here = 
323 ; a 
324 ; Check if the magnitude of the number rules out treating it as “9 
325 : an integer. t 
326 ; é 
327 : CX has the maximum number of decimal digits allowed. 
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es fwait, | ; Wait for power | ten to be valid 
Mov == ax, power _ten ; Get power of ten of value 
sub ax,cx ; Form scaling factor necessary in ax 
ja adjust_ result ; Jump if number will not fit 


The number is between 1 and 16** (field _size). 
Test if it is an integer. 


me we we Be 


fild power two Restore original number 


mov. ni,0x, . ; Save return value | | 
sub d1,NORMAL-EXACT ; Convert to exact return value 
fld fraction ; 
fscale ; Form full value, this is safe here 
Sac.) ett) ; Copy value for compare 
frndint ; Test if its an integer 
 fcomp ; Compare values 
fstsw status ; Save status 
test status, 4000H ; C3=l implies it was an integer 
( jnz convert integer 


fstp st (8) ; Remove non integer value 
mov dx,si ; Restore original return value 


Scale the number to within the range allowed by the BCD format. 
The scaling operation should produce a number within one decimal order 
of magnitude of the largest decimal number representable within the 
given string width. 


The scaling power of ten value is in ax. 


# 4 . 
Q) =e te te te Se Me Se we 


djust_result: 
: mov word ptr [bx],ax ; Set initial power oft ten return value 
Ys neg ax ; Subtract one for each order of 
; magnitude the.value is scaled by 
call get power 19 ; Scaling factor is returned as exponent 
it) ah ; and fraction 
fld fraction ; Get fraction 
fmul ; Combine fractions 
mov si,cx ; Form power of ten of the maximum 
shl =12.) ; BCD value to fit in the string 
shl ee 7 Index in si 
shl si,l 
Fiitd: power two ; Combine powers of two 
faddp st(2),st 
‘47 fecare. =. ; Form full value, exponent was safe 
5 fstp et ¢1) ; Remove exponent 


‘ 

; Test the adjusted value against a tabie of exact powers of ten. 

; The combined errors of the magnitude estimate and power function can 

: result in a value one order of magnitude too small or too large to fit 
; correctly in the BCD field. To handle this problem, pretest the 

; adjusted value, if it is too small or large, then adjust it by ten and 
; adjust the power of ten value. 

’ 

t 


est power: 


fcom power _table[si] +type power table; Compare against exact power 
entry. Use the next entry since cx 
has been decremented by one 

No wait is necessary 

If C3 = CB = B then too big 


fstsw status : 
test status,419@H 
jnz test for small 


=e =e Se Re 


fidiv constl@ Else adjust value 


; 
and dl,not EXACT ; Remove exact flag 
ine word ptr [bx] ; Adjust power of ten value 
jmp short in_range 7 Convert the value to a BCD integer 


test for_small: 


fcom power. _table[si] Test relative size sae eh 
eae ey Ss ae, fstsw status Sei No wait is necessary _ : ane 
i ee ee 1 ea a (3-40 eg ee OE SEN Se ee fe ti ga Be, a ic el 
SS ag ee Se Pad eed : oe as ; aes ye ; Ke b 83 +4 ~ ee ea a * 


. * ‘ / t 
, s + ~ , bs . 


=e Se 


402,2C~*~—“‘“‘i‘*;‘XeStC«SW;S*C*‘CS tS, 1H If CO = 6 then st(B) >= lower 


’ 
— «463 jz in_range _ 7 Convert the value to a BCD int 
404 Te ae Mision 
465 fimul constl@ ; Adjust value into range Reger 8 Pe" 
406 | dec word ptr [bx] ; Adjust power of ten value =  —— 
467 . Pe ae 
498  in_range: 
409 a, o 
416 ‘ frndint ; Form integer value Nee 
411 ; ride. 
412 ; Assert: @ <= TOS <= 999, 999, 999,999,999,999 ' ae 
roo ; The TOS number will be exactly representable in 18 digit BCD format. by 
c 1 
415 convert integer: m. 
416 x Se SED oo 
417 fbstp bed value ; Store as BCD format number bo. Ree RS, 
418 H Pi a 7 
419 ; While the Store BCD runs, setup registers for the conversion ve pa 
420 ; ASCII. Vem 
421 ; m a 
422 mov si,BCD SIZE-2 ; Initial BCD index value | : 
423 mov cx ,9£04h ; Set shift count and mask 
424 mov bx,1 ; Set initial size of ASCII field “tar 
425 mov di,string_ptr 7 Get address of start of ASCII aces 
426 mov ax,ds ; Copy ds to es > ae 
427 mov es,ax ; ay 
428 cld ; Set autoincrement mode Pe 
429 mov a1, ">" ; Clear sign field ‘“- 
436 test dl,MINUS + Look for negative value Pea 
431 42 positive_result “ai wae ees 
432 . ’ c oe eee 
433 mov al,‘-' 
434 | ! wa ta 
435 positive result: . baee Woes fat 
436 —_ . . : «) ren 
437 stosb ; Rump string pointer past shen 
438 and dl,not MINUS s Tugn off sign. bit Poy 
439 fwait | ; Wait for fbstp to finish 
446 ; 
441] ; Register usage: 
442 PF ah: BCD byte value in use 
443 ; als ASCII character value 
444 ; ox: Return value 
445 ; eh BCD mask = 8fh ee 
446 ei: els BCD shift count = 4 ‘ 
447 ; bx: ASCII string field width ; 
448 ? sis BCD field index 
449 3 di: ASCII string field pointer 
: 450 ; ds,es: ASCII string seqment base 
451 ; 
452 ? Remove leading zeroes from the number. 
453 a , 
454 skip_leading_zeroes: 
455 
456 mov ah,bcd_byte[si] ; Get BCD byte 
57°. ° mov al,ah 3; Copy value 
458 shr al,cl ; Get high order digit 
459 and al,ch | ; Set zero flag ; 
460  jnz enter odd ‘ ; Exit loop if _leading non zero found 5 
461 
462 mov al,ah ; Get BCD byte again 
463 and - al,ch ; Get low order digit 
464 jnz enter _even ; Exit loop if non zero digit found 
465 
466 dec si ; Decrement BCD index 
467 jns skip_leading zeroes 
468 ; ce , 
469 ; the significand was all zeroes. 
470 ; ie 
471 . ) mov al,°o" i ; ner initial were 
472° +f papetig EA ae Poe ILS aw Og: pe 
: i hes. be ‘ Bump string length FE a Eee 
| ‘" Rites pd « oe Te | cS 
spelt jmp Be short extt_ with_ value ape eee, a rae ete eties 
: es F e4 os 22 ? : ay ¥ 4 At is oF * Aa se yee ras ieee oe 
: + i’ ey Seal Set oh ra naree® % aa 3 5. pees? ah eit 
A e . SS i Spies cated: io < * ian’ Se ¥. Ore 4 Ado ee 


_ Now expand the BCD string into digit per byte values 8-9. 


" ass Ge eae, 


digit _loop: 
‘ fo mov ah,bcd byte [si] ; Get BCD byte 
ets ee mov al,ah 
shr al,cl ; Get high order digit 


 enter_odd: 


add al,'@ ; Convert to ASCII 
stosb had ; Put digit into ASCII string area 
mov al,ah ; Get low order digit 
and =~ al,ch 
ane. < Abs ; Bump field size counter 
“enter even: tes . ; 
pe ee mmc Tf al,'o' ; Convert to ASCII 
weet Le eS COSh ; Put digit into ASCII area 
pee inc bx ; Bump field size counter 
Fae - dec si ; Go to next BCD byte 
‘jns digit _loop 


ae _ Conversion complete. Set the string size and remainder. 


o se we Fp 
lle 


exit with _value: . , + 


ae di,size_ ptr 
mov word ptr [di],bx i 
mov ax,ax ; Set return value © 
sf jmp exit proc : 
floating, to_ascii  endp 
code ends 
end 


ASSEMBLY COMPLETE, NO ERRORS FOUND | | 3 


SOURCE 


‘stitle (calculate the value of ‘10**ax) 


a# 
; This subroutine will calculate the value of lo*tax. ; | eer nS 
: All 8086 registers are transparent and the value is returned on 
3 the TOS as two numbers, exponent in ST(1l) and fraction in ST(®). 
: The exponent value can be larger than the maximum representable 
: exponent. Three stack entries are used. . 
; ‘ 
name get power 14 
public get power_ ai power _ table 
stack segment stack ‘stack'‘ 
dw 4 dup (?) ; Allocate space on the stack 
stack ends. . , 
cgroup group code 
code segment public ‘code' 
assume csS:cgroup . 
? ~ 
a _ Use exact values from 1.8 to 1el8. uae - Biya t batagh . 
SATs Re ae oe even 
_ power_table = dq 1.0, lel, 1e2,1€3 


— 


Ay 


7. tle ae -1e8,1e9,1e18,1e11 


26. dq lel2,1e13,1e14,1le15 
= é 
27 ; aq lel6,1e17,1e18 et fe 
Stags © 
a 
pk ee 
28 , Rouen 
29, get power 16 proc : er 
| Re Rs Fae ; aie 
31 cmp ax,18 3; Test for ®@ <= ax < 19 ee 
32° \ ja out _of range 
33 al 
34 push bx ; Get working index register 
35 mov bx ,ax ; Form table index 
36 shl bx,1 
37 shl bx,1 
38 shl bx,1 . 
39 fld power table[bx] 3; Get exact value > 
46 pop bx ; Restore register value 
41 fxtract ; Separate power and fraction | 
42 ret ; OK to leave fxtract running © 
43 ; ) 
44 ? Calculate the value using the exponentiate instruction. 
45 ; The following relations are used: Se 
46 : 19**x = 2**(10g2(18) *x) - 
47 re 2e¢€(I+F) = 2**] * QeeP , 
48 : i EAN) = I and Bites = 2**F then fscale produces. opie) See 
49 ; 
58 out _of range: 
53 
S52 *ELATZE “f ; TOS = LOG2(16) 
53 push bp , ; Establish stack addressibility 
54 - mov bp,sp 
55 push ax 3 Put power (P) in memory 
56 push ax ; Allocate space for status 
57 fimul word ptr [bp-2] ; TOS,X = LOG2(18)*P = LOG2(19**P) — 
58 fnstcw word ptr [bp-4] ; Get current control word 
59 ; Control word is a static value 
68 —. 4 RO’ ax,word ptr [bp-4] ; Get control word, no wait necessary 
61 and  ax,not 6COBH © 3 Mask off current rounding field 
62 : or ax,8466H : +; Set round to negative infinity 
63 xchg ax,word ptr [bp~4] 3 Put new control word in memory 
64 - Be ; old control word is in ax 
65 fl1dil ; Set TOS = i ee 
(66 fchs | mica | 
* Seba . st (1) ; 3 Copy power value in base two 


word ptr [bp-4] | so eR Set new control word. value | 
pene TOS = I: -inf <I <= ae ao 


i peas ieerters: Se: Boe 


Say, i 
‘A 


« Famed ptr. {opr4l sax | 
pate de Pte LT 25 eee 


we Se Se Se te 


fxch 


pop 


fsub 


pop 


fscale 
£2xml 


pop 


fsubr 


fmul 
ret 


_power 18 


st(2) 

ax i 
st, st.(2). 

ax 


bp 
st,st (0) 
endp 


ends 
end 


__ ASSEMBLY COMPLETE, NO ERRORS FOUND 


Restore power of ten 


TOS = 2**(F/2) - 1.6 
Restore stack ) 
Form 2**(F/2) 

Form 2**F 


=e Se Te Se Be Be BSE Be Be BO 


~$title(Determine TOS register contents) 


This subroutine will return a value from 6-15 in axc 


to the contents of 8087 TOS. 


errors are possible. The 
of FXAM instruction. 


~ 


~ ’ 


name — 
public 


tos_status 


fxam 
push 
push 
mov 


fstsw 


pop 
pop 
mov 
and 
shr 
shr 
shr 
or 

mov 
ret 


tos status 


ASSEMBLY COMPLETE, 


tos_status 
tos status 


segment stack ‘'stack' 


dw 3 dup (?) 


ends 


group code 


segment public '‘'code' 


assume cS:cgroup 
proc 


ax 

bp 

bp,sp 

word ptr [bp+2] 
bp 

ax 

al,ah 

ax,4807h 

ah,l 


=e te Be 


me Te Te Te Se te 


ah,l . 
al,ah 
ah,@ 


™=e Te 


endp 


ends 
end 


“ 


NO ERRORS FOUND 


Get register contents status 


Allocate space for status value 
Establish stack addressibility 


Put tos status in memory 
Restore registers 


Get status value, no wait necessary 


Put bit 10-8 into bits 2-90 
Mask out bits c3,c2,cl,c@ 
Put bit ¢3 inte bit *1 


% 


Put.c3 inte bit 3 
Clear return value 


TOS = X, ST(1) = -1.8, ST(2) =I 
Remove original control word 
TOS,F = X-I: 6 <= TOS < 1.8 


TOS = F/2: 6 <= TOS < @.5 


OK to leave fmul running 


orresponding 
All registers are transparent and no 
return value corresponds to c3,c2,cl,c8 


; Allocate space on the stack 


on Bee othe uige ae ¥en sega oe: § - 


f 
= ole 5 sm 23 Re ee ‘ 
i 


at 


APPENDIX D pees 


OVERVIEW 


Appendix D shows a function for converting ASCII 
input strings into floating point values. The returned 
value can be used by PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86. The routine will accept a num- 
ber in ASCII of standard FORTRAN formats. Up to 18 
decimal digits are accepted and the conversion accuracy 
is the same as for converting in the other direction. 
Greater accuracy can also be achieved with similar 
tradeoffs, as mentioned earlier. 


Description of Operation 


Converting from ASCII to floating point is less complex 
numerically than going from floating point to ASCII. It 
consists of four basic steps: determine the size in deci- 
mal digits of the number, build a BCD value corre- 
sponding to the number string if the decimal point were 
at the far right, calculate the exponent value, and scale 
the BCD value. The first three steps are performed by 
the host software. The fourth step is mainly performed 
by numeric operations. 


The complexity in this function arises due to the flexible 


code simply determines the meaning of each character 
encountered. Two separate number inputs must be rec- 


ognized, mantissa and exponent values. Performing the - 


numerics operations is very straightforward. 


The length of the number string is determined first to 
allow building a BCD number from low digits to high 
digits. This technique guarantees that an integer will be 
converted to its exact BCD integer equivalent. 


If the number is a floating point value, then the digit 
string can be scaled appropriately. If a decimal point oc- 
curs within the string, the scale factor must be decreased 
by one for each digit the decimal point is moved to the 
right. This factor must be added to any exponent value 
specified in the number. 


ACCURACY CONSIDERATIONS 


All the same considerations for converting floating 
point to ASCII apply to calculating the scaling factor. 
The accuracy of the scale factor determines the accuracy 
of the result. 


The exponents and fractions are again kept separate to 


prevent overflows or underflows during the scaling | 


operations. 


nature of the input values it will recognize. Most of the 

LINE SOURCE 
1 Stitle(ASCII to floating point conversion) 
2 ; 
3 ; Define the publicly known names. 
4 ; 
5 name ascii_to_ floating 
6 public ascii to _floating 
4 extrn get _power_ 1@:near 
8 
3 


This function will convert an ASCII character string to a floating 
Character strings in integer or scientific form 


Where a digit must have been encountered before the exponent 


then at 
A value 
In case of invalid numbers, 


The first character not fitting within the format will terminate the 
The address of the terminating character will be returned 


The sign of the result 


Up to 18 siqnificant decimal 
Leadina zeroes, trailing zeroes, or 
Integers 


or exactly representable decimal numbers of 18 digits or less will be 


; 
18 ; point representation. 
11 ; will be accepted. The allowed format is: 
Le ; ' 
13 ; [+,-] (digit(s)][.] [digit(s) ] [E,e] [+,-] [digit(s)] 
14 ; . 
15 3 
16 ; indicator ‘E' or’e’®. If a ‘+’, ‘=", or *.' was encountered, 
i? ? least one digit must exist before the optional exponent field. 
18 ? will always be returned in the 8#87 stack. 
; values like indefinite or infinity will be returned, 
21 ; 
22 : conversion, 
22 ; by this subroutine. 
24 F 
25 ; The result will be left on the top of the NPX stack. This 
26 ; Subroutine expects 3 free NPX stack registers. 
27 : will correspond to any sign characters in the ASCII string. 
28 ; 
29 ; the conversion from base 18 to base 2. 
36 : digits may appear in the number. 
31 ; exponent digits do not count towards the 18 digit maximum. 
32 ; 
33 ; exactly converted. 


The technique used constructs a BCD number 
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The rounding | 
mode in effect at the time the subroutine was called will be used for 
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LOW_EXPONENT 
HIGH EXPONENT 
WORD SIZE 
BCD SIZE 


=e 


=e 


¢ 

bp_save 
return ptr 
status ptr 
end ptr 
string ptr 


parms size 


@ te Be 


1.23456e5, and 125e-3 will be exactly converted to floating point. 
The exponentiate instruction is used to scale the generated BCD vaslue 
The basic accuracy of this function 
For very large or very small 


to very large or very small numbers. 
determines the accuracy of this subroutine. 
numbers, the accuracy of this function is 2 units in the 16th decimal 
place or double precision. The range of decimal powers accepted is 
19**-4938 to 16**4936. 


AP-113 


representing the significant ASCII digits of the string with the decimal 
point removed. 


An’ attempt is made to exactly convert relatively small integers or 
small fractions. 


ror example the values: .86125, 123456789812345678, 


The PLM/86 calling format is: 


ascii_to floating: 


procedure (string ptr,end ptr,status ptr) real external; 
declare (string ptr,end ptr,status _ptr) pointer; 

declare end based end ptr pointer; 

declare status based status ptr word; 


end; 


& WH 


The following 


bx 


equ 
equ 
equ 
equ 


equ 
equ 
equ 
equ 
equ 


equ 


power ten equ 
bed_form equ 
local _ size equ 

; 

: Define common 
bed _byte equ 
bed count equ 
bed_sign equ 
bed_sign_ bit equ 

; 

; Define return 
; 

NUMBER _ FOUND equ 

NO NUMBER equ 

NO EXPONENT equ 


TOO _MANY DIGITS equ 


EXPONENT ~TOO _BIG equ 


The status value has 6 possible states: 


A number was found. 
No number was found, return indefinite. 


Exponent was expected but none found, return indefinite. 


Too many digits were found, return indefinite. 
Exponent was too big, return a signed infinity. 


registers are used by this subroutine: 


cx ax si di 


Define constants. 


-4936 ; Smallest allowed power of 10 
4938 ; Largest allowed power of 14 
2 > 
18 


Define the parameter layouts involved: 


word ptr [bp] 

bp_save + size bp_save 
return ptr + size return _ptr 
status _ptr + size status per 
end ptr + size end _ptr 


size status _ptr + size end_ptr + size string_ptr 


Define the local variable data layouts 


word ptr [bp- WORD SIZE] ; power of ten value 
tbyte ptr power ten - BCD SIZE; BCD representation 


size power ten + size bcd form 
expressions used 
byte ptr bcd form 
(type (bcd form) -1) *2 


byte ptr bed form + 9 
80H 


Current byte in the BCD form 
Number of digits in BCD form 
Address of BCD sign byte 


=e =e se 


values. 


Number was found 

No number was found 

No exponent was found when expected 
Too many digits were found 

Exponent was too big 


PmWN ee 
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AM Tecate stack § ‘space to felis enough exists at run time. 


Til. stack . Segment stack "stack! , te Cty Ei 
Le 4 = db == (local_size+4) dup (?) ° Sens i 
113 stack ends 
114 
325 - egroup group aate 
116 ; code segment public ‘Node! 
117 assume cs:cgroup ; 
118 ; ; 5 
119 ; Define some of the Beans le return values. 
120 3 i " 
12)  even- | | ; Optimize 16 bit access _ (nd ea A 
122 indefinite dd § GFFCO868GR -— ; Single precision real for Indefinice 
123 infinity : Se O7FF80000R ; Single precision real for +infinity — 
124 - fs 
be ascii_to floating proc 
126 
i a fldz ; Prepare to zero BCD value 
128 push bp ; Save callers stack environment 
129 mov bp,sp ; Establish stack addressibility ey! 
138 sub sp,local_ size ; Allocate space for local veRtenl es 7 
te a : 
32 3 Get any leading sign character to form initial BCD rhe gators 
333 ; has 
134 mov si »string _ptr ; Get starting address of the ‘ainbwe: 
135 xor dx, dx ; Set initial decimal digit count 
136 cld ; Set autoincrement meas epee bere 
138 ; Register usage: : , Ce eS 
139 ; | . beats 
148 ? alt] Current character value being examined tS ee 
141 : ex: Digit count before the decimal point vy 
142 ; aze~ Total digit count | se 
143 ; si’: Pointer to character string 
144 ; | : 
145 : Look for an initial sign and skip it if found. 
146. : ; > ar Lies 
147 lodsb Loe ; Get first character. © Vist 
148 cmp are ‘; Look for a sign : - 
149 jz scan ict gin Wigton . 
1568 
457-<*" emp alee ; | 2 | 
152 jnz enter leading digits ; If not "-" test current character 
153 | , oe 
154 fchs : ; Set TOS = -@ $n ni Vien 
75 te A 
156 ; Count the number of digits appearing before an optional decimal pobnky 
1$7 ; pee 
158 scan leading digits: | Re ; 
159 ) ¢ Phe 
168 lodsb | ‘ ; Get next character EES 
161 ; ers ee ate Poh N f: 
162 enter leading digits: : : Bite 
163 ae 4 
164 call test digit ; Test for digit and bump counter Be Re ries 
165 : jne scan _leading _digits . , (at ae 
166 ? . ‘ SE as + 
167 : Look for ne possible decimal point and start fbstp operation. el Se ; 
168 ; The etic) zeroes out Lay BCD value and sets the correct sign. eae 
169 ; ' 
Pie: fbstp bcd form ; Set initial sign and value of BCD voneake 
* 171 mov SReGe, / . 3 Save gouge of digits before aicanrtg point 
2 “Aly cmp al, eH. eee 
173 ae jnz test “tor _digits 4 : re 
174 ; sm: és) Se 
: 175 ; ’ Count the number of gigtts appearing after the decimal Pode. . sn 
176 a ; : ¢3 ; a oot get es 
279 2) Been: n_trailing gitar ‘ lets or pt is | Sees Aa 
ao: ee - Be ae gs aes avdieLane tvs aghiees os ee 
sy ee | ods eee ae Hisense age eee 
| 3 3 i: A gehe 4 Sime ees 
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call =~ test _digit } ; Test for digit and bump counter 


gne.. scan trailing digits ; 
There must be at least one digit counted at this point. 
est for digits: 
. / 
dec si ; Put si back on terminating character 
or dx ,dx ; Test digit count 
jz no_number found ; Jump if no digits were found 
push si ; Save pointer to terminator 
dec si ; Backup pointer to last digit 


Check that the number will fit in the 18 digit BCD format. 
CX becomes the initial scaling factor to account for the implied 
decimal point. 


For each digit to the right of the 


sub cx,ax } 
; decimal point, subtract one from the | 
; initial scaling power 

neg dx ; Use negative digit count so the 
; test digit routine can count dx up 
; to zero 

cmp dx,-bced count ; See if too many digits found 

jb test for unneeded digits 

Setup initial register values for scanning the number right to left 
while building the BCD value in memory. 
orm bcd value: : 

std . ; Set autodecrement mode 

mov power ten,cx ; Set initial power of ten 

xor didi ; Clear BCD number index 

mov c1,4 ; Set digit shift count 

fwait ; Ensure BCD store is done 

jmp enter digit loop 


No digits were encountered before testing for the exponent. 
Restore the string pointer and return an indefinite value. 


o_number found: 


Set return status 


mov ax,NO NUMBER ; 
fld indefinite ; Return an indefinite numeric value 
“jmp exit 


Test for a number of the form ???00000. 


est_terminating_ point: 


lodsb ; Get last character -— 

cmp Si,.*.* ; Look for decimal point 
jz enter power zeroes ; Skip forward if found 

inc si ~ _ 3 Else bump pointer back 
jmp short enter power zeroes . 


Too many decimal digits encountered. Attempt to remove leading and 
trailing digits to bring the total into the bounds of the BCD format. 


est for_unneeded digits: 


std ; Set autodecrement mode 

or cx,Cx ; See if any digits appeared to the 
+ right of the decimal point 

4z test terminating point ; Jump if none exist 

dec ax ; Adjust digit counter for loop 


| Scan backwards from the right skipping trailing zeroes. 
If the end of the amber is encountered, dx=0, the areas consists of 
all zeroes! 73 eee 3-48 rates: 


. : WiBac re as GS ‘ ec ae eo 
Be ss fiat > ag 77 rv) és pe ee a Ks er eee & e ee fist 64 = see ie ‘ig , ai 5 : Fa : =: Eke ; 
bh ote ay fs ae po es é 7 * ee ae Oe re Shwe oA =] ¥ a it © © ied on ran state, e a eens ay . 
ca ee = Sa — willie Ee eee e ene a ee weer Tet ee SE ee re ER ae eee 
- Fi % y 1 aR PATHE 5 o oad. = > ic Am Be shen s gh ee 
ee ; a oY ee 
254 ; , Pe pondered Veo 
255 skip_trailing_ zeroes: | x Wipe diets 
256 ‘ aoe cee eles 
25. inc ax - ; Bump digit count aan eins * 
258 . jz look_for_exponent ; Jump if string of zeroes found! ae 
259 Eaky, 18 > 
260 lodsb ; Get next character : ome 
261 inc cx ; Bump power value for “each trailing Bes 
262 cmp al,'d° ; zero dropped 
263 +z skip_trailing _zeroes re eta 
jo 264 ik ESN 
: 205. dec cx ; Adjust power counter from loop . 
266 : enp- ‘tal,*s* ; Look for decimal point | eng a 
267 jnz scan_leading_ zeroes ; Skip forward if none found “ wees 
268 
269 dec ax ; Adjust counter for the decimal 1 poin 
271 ; The string is of the form: ????.8000006 a, | Be 4 
272 ; See if any zeroes exist to the left. of the decimal point. Ty ee 
273 ; ye "eats 
274 enter _power _zeroes: : - on eas 
276 dec dx ; Adjust diqit counter for loop = ~~ 
277 ; | SS age ES 
278 skip_power zeroes: _ i toae ‘ " RS 
279 | = ; ‘a 
280 inc dx ; Bump digit count 5 - 
281 te look for _exponent 2 i 
282 se Aue 
283 -lodsb ; Get next character 
284 inc ox ; Bump power value for each trailing | 
285 cmp al,'@' ; zero dropped $ 
286 jz. Skip_power_ zeroes , fe 
287 - 5 ee 
288 dec cx _ ¢ Adjust power counter from loop | 
289 ; 
298 : Scan the leading digits from the left to see if they are zeroes. — 
291 : i Pt Pen 
292 scan leading zeroes: 
293 - ‘ij ' | : 
294 lea  @i,byte ptr [sitl] ; Save new end of Fone pointer 
295 cld ; Set autoincrement mode 
296 mov si,string ptr ; Set pointer to the start 
297 lodsb = ; Look for sign character 
298 cmp aL ,*4? 
299 je Ree coven 
3008 
301 cmp al,'‘- 
382 jne enter = yanaieid zeroes 
393 ; 
304 3 Drop iesatea zeroes. None of them affect the power value in cx. | 
305 ; We are guarenteed at least one non zero digit to terminate the loop. | 
366 H ‘ i : P 
367 skip leading zeroes: 
308 - is . , 
389 lodsb ; Get next character , 
3198 -t 
311 enter leading zeroes: 
aie ; 
313 inc dx ; Bump digit count 
314 cmp al,'®@' ; Look for a zero 
315 jz _ skip_leading_ zeroes 
316 
317 ; “dee dx ; Adjust digit count from loop 
318 cmp al, 3 Look for 6060.7??? form 
319 jnz test P digit count 
328 ; 4 
a2. 3 Number is of the form 900.7??? 
a27 ; Drop all ona ehh FerRe with no effect on the Pawar: value. se haha ck ee 
ee aoe middle apercens Pe m = i 
' . Se i is ce rr gst “ine Bole ee 3 fo Ps, rts x ; = e 3 ve ‘eee git as iene : aS ‘ ¥ we 7. 2 * “ : ee 
ee ee OT GRRE ss SR cde ee eA yt ioe 8 occ ht eg vighe > Xan 
: Teret ! ~« 4! EN ns Lips i : 4 3.49 ° ti Se: ah y ey % SP e 
te £ Y hay te SBE ne ot Ar ate eae he 2 EES f pethe aec thc EP Age 
fa Se ct Pe be eee ae sit estar : f eee aa eee. a £% pee ge 
3 a eet a BR 55. See <egas- ee ee ; <a ™ ade ae TP ale 
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test _digit_ count: 


All superflous zeroes are removed. 


emp ; 6 
jz skip_middle_ zeroes | 6 Sl ieee 
dec qx ; Adjust digit count from loop 


Check if all is well now. 


- emp ax,-bcd_count 
jb too _many, _digits found 
epee mov” si,di ; Restore string pointer 
ou jmp form _bed_value 


too _many digits_ found: 


fld indefinite ; Set return numeric value | 

mov ax,TOO_ MANY DIGITS ; Set return flag 
pop si ; Get last address 

jmp exit 


: j 

: , Build BCD form of the decimal ASCII string from right to left with 
xf trailing zeroes and decimal point removed. Note that the only non 

3 digit possible is a decimal point which can be safely ignored. 

£2 rest digit will correctly count dx back towards zero to terminate 
oe the BCD build function. 

get. tote _loop: 


lodsb ; Get next character 
call test digit ; Check if digit and bump digit count 
+e: get digit_ loop ; Skip the decimal point if found 
shl al,cl ; Put digit into high nibble 
or ah,al ; Form BCD byte in ah A 
MOV bed _byte[di],ah ; Put into BCD string 

| ine di ; Bump BCD pointer 

: or adx,dx ; Check if digit is available 

$ jz ~~ « look_for_exponent 


enter_digit_loop: 


lodsb ; Get next character Z 
emit test digit ; Check LE digit 

1. enter. _digit_loop ; Skip the decimal point 

mov ah,al ; Save digit 

or dx,dx ; Check if digit is available 

jnz get_digit_loop 

mov ‘bed_byte|di],ah ; Save last odd digit 


Look for an exponent indicator. 


ht we Se te 


ook _for_exponent: 


pop | ; Restore string pointer 

cld ; Set autoincrement direction 

“mov di,power_ten ; Get current power of ten . 

lodsb ; Get next character | : 
emp al,*e' ; Look for exponent indication 
je exponent found 

cmp ai,*e" 

jne convert 


An exponent is expected, get its numeric value. 


ch ~e te fe 


mponent faanss 


Get next character. fo SE ein ae 
Clear power variable ip Ah ne at 
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Rte Suet er ahere sy a ye RR ane <r fae an: Deane ere 
eee PM OP haa ae Weentowhas eon 625° 2 toda os 4 2 - vakee 
e. Reais = - = > Sune apa rece: r >. 
ee ia: ‘i; Rp. f+ Sp Pest. Lor posteive_aton: 2.5 Se 
‘tae ar skip. “power_ sign . 2 Pre eee SE Bag sn yn lee ear ae 
404 Soke : iad pei atten 5 Here 
, - eee emp Ml SP ; Test for negative sign Le 
406 = jne enter _power_loop | : ; 
YY Sea __ 
498 3 The exponent is negative. 
489 y wes 
419 inc ch ‘ 7 Set exponent sign flag 
411 : ; 
412 skip _power _Sign: 
Cre pty 
414 : Register usage: 
415 ; 
416 ; al: exponent shgtiteer being examined 
417 ; bx: return value | 
418 ; ch: exponent sign flag im RCT ey 1 negative 
419 : cl: digit flag = @ no digits found, 1 digits teu 
420 : ES not usable since test digit increments a goes 
A: Gece egy si: string pointer eee 2 
422 ; di: binary value of exponent 
423 ; | nes : 
424 ; Scan off exponent digits until a non-digit is encountered. | 
425 ; : 
(426 power loop: 
427 | | 
428 lodsb ; Get next character | 
429 
430 enter power loop: ; , 
431 ) : 
432 mov ah,@ ; Clear ah since ax is added to late! 
433 call test digit 3 Test tor a digit 
434 ae form power value ; Exit loop if not 
435 . 
436 mov 1,2 ; Set power digit flag 
437 sal di,l ; old*2 . 
438 add = ax, di 3 old*2+digit 
i 439 sal gi,l 7; old*4 
440 - sal di;1 : old*8 
441 add di,ax z old*lOt+digit ‘ 
442 cmp di,HIGH_EXPONENT+bcd_count; Check if exponent is too big aa 
443 jna power _loop ee 
444 : fs ied 
445 ; The exponent is too large. ee AES, 
446 ; . no 
447 exponent_ verflow: Sg 
448 z an 
449 mov ax,EXPONENT TOO BIG 7 Set return value 
456 fld infinity ; Return infinity . 
451 test. bed_sign,bcd_sign_bit ; Return correctly signed smehdiss 
452 jz exit ; Jump if not 
453 
454 fchs ; Return -infinity : 
455 jmp short exit 
456 : ‘ 
457 : No exponent was found. 
458 ; i 
459 no_exponent_ found: 
4608 
461 dec be 3; Put si back on terminating character 
462 mov ,NO_EXPONENT — ; Set return value 
463 47 fea tndertnite ; Set number to return 
464 jmp short exit 
465 ; 
466 : The string examination is complete. Form the correct power of ten. 
467 ; ; | 
468 form power value: ‘ ee | fo suas 
469 * 7 Pg a nea 
4708 | _ dec si ; Backup: string pointer to terminating. fe 
| y character ee * 
eh 1 - eid Test ekpgnene. sign eas 
"positive, exponent ee veep oy, Bolas BoE: 
ae ; ty et pices o ee 
ee, | oh sy fen he . Kee eS Force ‘exponent rite Meats 
st A abceae 8 SY xe Pa? ee tae Pitts sienna nt sae 
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3 -positive_exponent: 


Ree eis os 1h gd ‘3; Test exponent digit flag 

jnc no_exponent_found ; If zero then no exponent digits were <3 
; ; found — 
add © di,power_ten ; Form the final power of ten value 
cmp di,LOw EXPONENT ; Check if the value is in range 
3 js exponefit_overflow ; Jump if exponent is too small 
5 cmp di,HIGH_ EXPONENT 

j9 exponent_overflow 7 : 
inc | si ; Adjust string pointer 


Convert the base 10 number to base 2. 
Note: 16**exp = 2**(exp*log2 (19) ) 


_ di has binary power of ten value to scale the BCD value with. 
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‘onvert: 
; dec si ; Bump string pointer back to last character 
mov ax,di ; Set power of ten to calculate 
or ax,ax ; Test for positive or negative value 
2. Be get _negative_power , 


Scale the BCD value by a value >= l. 


me te te 


Get the adjustment power of ten 
Get the digits to use 
Form converged result 


call get_power 16 
fbld bed “form 
fmul 

jmp short done 


=e we Te 


\ 


e 
3 Calculate a power of ten value > 1 then divide the BCD value with 
; it. This technique is more exact than multiplying the BCD value by 
; ‘a fraction since no negative power of ten can be exactly represented 

se in binary floating point. Using this technique will guarentee exact 
; conversion of values like .5 and .#625. 
¢ 
g 


et negative power: : 
Force positive power 


Get the adjustment power of ten 
Get the digits to use 


neg- <> ax 
call get_power 16 
fbld bed_form 
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fdivr Divide fractions 
fxch Negate scale factor 
fchs 
fxch 

? ; / 

: All done, set return values. 

; 

done: 
fscale : ; Update exponent of the result 
mov ax,NUMBER_ FOUND ; Set return value 
fstp st(1) ; Remove the scale factor 

exit: 
mov di,status ptr ; Set status of the conversion 
‘mov word ptr [di],ax 3 ; 
mov di,end_ptr ; Set ending string address 
mov word ptr [di],si . 
mov sp,bp ; Deallocate local storage area 
pop bp ; Restore caller's environment 

fwait ; Insure all loads from memory are done 

ret parms size 

Te 

=; Test iff the character in al is an ASCII digit. 

ce If so then convert to binary, bump cx, and clear the Carey ers a 

3 _ Else leave. as is and set the carry: tg at a 2 i rer 


‘a5 Ret near 
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OVERVIEW 


Appendix E contains three trigonometric functions for 
sine, cosine, and tangent. All accept a valid angle argu- 
ment between — 262 and +292. They may be called from 
PLM/86, PASCAL/86, FORTRAN/86 or ASM/86 
functions. 


They use the partial tangent instruction together with 
trigonometric identities to calculate the result. They are 
accurate to within 16 units of the low 4 bits of an ex- 
tended precision value. The functions are coded for 
speed and small size, with tradeoffs available for greater 
accuracy. 


FPTAN and FPREM 


These trigonometric functions use the FPTAN instruc- 
tion of the NPX. FPTAN requires that the angle argu- 
ment be between 0 and PI/4 radians, 0 to 45 degrees. 
The FPREM instruction is used to reduce the argument 
down to this range. The low three quotient bits set by 
FPREM identify which octant the original angle was in. 


One FPREM instruction iteration can reduce angles of 
1018 radians or less in magnitude to PI/4! Larger values 
can be reduced, but the meaning of the result is ques- 
tionable since any errors in the least significant bits of 
that value represent changes of 45 degrees or more in the 
reduced angle. 


Cosine Uses Sine Code 
To save code space, the cosine function uses most of the 


sine function code. The relation sin (|A|+PI/2)= — 


cos(A) is used to convert the cosine argument into a sine 


E*. are pot ia 

nS : : x t | ee 
; 3 eS paLe 28 
AP-113 : | ae 

cf af 

= Paes 

548 as | 2 
549 test digit: Tek 
550 cmp al,'9' ; See if a digit paver 
551 ja not digit Ecos 
552 “ te 
553 cmp al,'@' ' Meee ee 
554 jb not_digit a 
555 ; Br 
556 ; Character is a digit. fi 
557 ; 3 
558 inc dx ; Bump digit count a seagisd the 
559 sub al,‘o° ; Convert to binary and clear carry flag iE 
566 ret is ee 
561 ? tis 
562 ; Character is not a digit. na 
563 ; a 
564 not digit: 
565 stc ; Leave as is and set the carry flag | ae 
566 ret aa 
567 ae 
568 ascii_to_ floating endp j : 
569 code _ ends a ; oa 
yi eee end : ag 
ASSEMBLY COMPLETE, NO ERRORS FOUND 3 
APPENDIX E ae 


argument. Adding PI/2 to the angle is performed by 
adding 0102 to the FPREM quotient bits identifying the 
argument’s octant. 


It would be very inaccurate to add PI/2 to the cosine 
argument if it was very much different from PI/2. 


Depending on which octant the argument falls in, a dif- 
ferent relation will be used in the sine and tangent func- 
tions. The program listings show which relations are 
used. 


For the tangent function, the ratio produced by FPTAN 
will be directly evaluated. The sine function will use 
either a sine or cosine relation depending on which oc- 
tant the angle fell into. On exit these functions will nor- 
mally leave a divide instruction in progress to maintain 
concurrency. 


If the input angles are of a restricted range, such as from 
0 to 45 degrees, then considerable optimization is pos- 
sible since full angle reduction and octant identification 
is not necessary. 


All three functions begin by looking at the value given 
to them. Not a number (NAN), infinity, or empty regis- 
ters must be specially treated. Unnormals need to be 
converted to normal values before the FPTAN instruc- 
tion will work correctly. Denormals will be converted to 
very small unnormals which do work correctly for the 
FPTAN instruction. The sign of the angle is saved to 
control the sign of the result. 


Within the functions, close attention was paid to main- © 
tain concurrent execution of the 8087 and host. The 
concurrent execution will effectively hide the execution 
time of the decision logic used in the program. 


3 Ie 
4 + “ . 3 
mS IS Pea a oS RES MS” at 


i OE ne ene PE ee en ee ek 4 
Sa ce 2 an Tae Se lS aia 
Paces hp areata re 2 eo ae er ona So Sa 
Fe: Sine x oe sa “eh = ae nie Be su 
Ps eee aaa See! esas 
; : = ae | 4 
$title (8087 Trignometric Functions) 8 
public Sine,cosine,tangent 
name ' trig functions 
+1 Sinclude (:£1:8087.anc) 
ecg 
? Define 8987 word packing in the environment area. 
BS 3 ‘ 
hea cw 87 record res871:3,infinity control:1,rounding control:2, 
ge & : precision | control:2,error “enable: 1,res872:1, 
= & precision mask:1,underflow mask:1,overflow_mask:1, 
a & zero _divide _mask:1, denormal | mask: 1, invalid _mask: 1 
ae — sw_87 record busys1,cond3il, tdp:3,cond2¢2,eondts1,cond6:), 
pec & Se a :1,res873:1,precision error:1, 
ES ie “s underflow error:1, overflow error: 1,zero < divide _error:1, 
ee & denormal error:1, invalid error: 1 
ce  tw_87 record reg7_tag:2,reg6 tag:2,reg5_ tag:2,reg4 tag:2, 
as & reg3 “tag: 2,reg2 _tag: 2,regl_tag:2,reqg8 _tag: 2 
a low _ip_87 record low _ip:16 
adi: : . ' Wn : 
oak high_ip_op_87 record hi_ip:4,res874:1,opcode_ 87:11 
ae low_op_87 record low _op:16 
Sie: high_op_ 87 record hi_op:4,res875:12 ; 
-environment_87 struc ; 8687 environemnt layout 
env87_ cw dw ? ‘ 
env87_sw dw ? 
env87_tw dw ? 
- env87~ low _ip dw ? 
env87_ hip op dw ? - 
 env87 _low_ _op dw ? 
env87 hop dw ? 
environment _87 ends 
7 . 
ay Define 8087 related constants. 
; 
TOP_VALUE_INC equ sw _87 <8,0,1,0,0,9,0,09,0,0,0,8,8,0> 
VALID_TAG equ g 3; Tag register values. 
ZERO TAG equ 1 
SPECTAL TAG equ 2 
EMPTY TAG equ 3 
REGISTER MASK equ 7 
; ‘ 
3 Define local variable areas. 
stack segment stack '‘'stack' 
local area struc | 
swl dw ? ; ; 8087 status value 
local area ends 
: db size local_area+4 ; Allocate stack space 
stack ends 
segment public '‘'code' 
assume cs:code,ss:stack 
Define local constants. 
tatus . equ {bp].swl + 8887 status value location 
s even | : eat penae ce = . 
pl quarter << de. ! 3erecSprpaa2z1ebe2ssR.- ip PILE Pe ee Oe 
oe RS an A : | F3 zy . . | : | ; i | | | ee eto ¥ es; 
pgs mek + eg Peed pe te ae SRS Merce i 
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re inter Pett. normalize: 


radians. The angle is in ST(®), the returned value will gle; given 


defined as follows for the following arguments: 
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ine_zero_unnormal: 


fstp ~st(l) 


(+ Indefinite spe 
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This subroutine calculates the sine or pislar. of the sacks 


The result is accurate to within 7 units of the least significant thre 
bits af the NPX extended real format. The. PLM/66 cectnkeian, eae 


sine: procedure (angle) real eeterneli : Se oe 
declare angle real; Lone | Oe eT 


end sine; : Nitra ey sos ae 


cosine: procedure ‘fangie real PREPEAA SS rs Ae en aE fog > 
declare angle real; BY So ee OA. Sy 
end cosine; ' ee . See 


- Three stack registers are required. The result of the function is a 


angle | } result ye 
valid or SANA ERES less than 2**62 in magnitude Peete | 


zero 6 or 1 
denormal . correct” 


valid or unnormal greater than 2*#62 - indefinite 
infinity Sh . ‘ARREARS : 
NAN ; ‘ NAN - 

empty empty _ 


This functor is based on the NPX fptan ‘Siubooct sent The eae 
instruction will only work with an angle of from @ to PI/4. With 
instruction, the sine or cosine of angles from @ to PI/4 can be ac 
calculated. The technique used by this routine can calculate a 
sone or cosine by using: one of four possible operations: 


Let R = langle mod PI/4| : be : 
S§ = -l or l, according to the sign of the. angle 


1) sin(R) 2) cos(R) 3) sin(PI/4-R) 4) cos(PI/4-R) 


The choice of the relation and the Pee of the result follows: the 
decision table shown below based on the octant the angie as tne 


octant Sines? <-'. cosine é ' 

0 S*] 2 

1 S*4 a 

2 S*2 -1*1 | 
t 3 S*3 -1*4 (idee Me 

4 -S*1 -1*2 

5 -S*4 -1*3 

6 -S*2 a 

7 


~S*3 ea. ee 6 
Angle to sine function is a zero or unnormal. 


~ Remove PI/4 
Jump if angle is ueitiGimeke 


=e a 


jnz enter sine _normalize- 


Gist eae 


Angle is a zero. 


ae 


pe ig 6 


pop bp : 4 oe 
ret ; ° | j oe he 2 : 
Anat is an See a, i he 2 - ees see s 


, ss ; ls i, ‘. € - ~ oe 


5 


see 
: AP-113 
-46 call normalize value 
147 jmp short enter sine 
148 
149 cosine proc ; Entry point to cosine 
1598 
(151 fxam ' 3; Look at the value 
152 push bp ; Establish stack addressibility 
153 sub sp,size local _ area ; Allocate stack space for status 
154 mov bp,sp 
255 fstsw status ; Store status value 
156 ‘fld pi quarter ; Setup for angle reduce 
157 mov cl,l ; Signal cosine function 
; 158 pop ax ; Get status value 
oe ibe: 159 lahf ; ZF = C3, PF = C2, CF = C8 
erie 16@ jc funny parameter ; Jump if parameter is 
161 ; empty, NAN, or infinity 
162 ; 
163 F} Angle is unnormal, normal, zero, denormal. 
164 ; 
165 fxch 3; st(@) = angle, st(l) = PI/4 
166 jpe enter sine ; Jump if normal or denormal 
167 ; 
168 ; Angle is an unnormal or zero. 
169 | ; 
170 fate ..6t ti) 3 Remove PI/4 
171 jnz enter sine normalize 
172 : bs ” 
173 ; Angle is a zero. cos(@) = 1.8 
174 ; 
! 175 fstp st (8) ; Remove @ 
> 176 pop bp ; Restore stack 
177 fidl ; Return 1 
178 ret 
179 3 
186 ; All work is done as a sine function. By adding PI/2 to the angle 
181 3 a cosine is converted to a sine. Of course the angle addition is not 
182 3 done to the argument but rather to the program logic control values. 
183 3 
184 sine: ; Entry point for sine function 
185 
186 fxam ; Look at the parameter 
187 push bp 3; Establish stack addressibility 
188 sub sp,size local area 3 Allocate local space 
189 mov bp,sp 
198 fstsw status ; Look at fxam status 
191 fld pi_quarter 3; Get PI/4 value 
192 pop ax ; Get fxam status 
193 lahf 3 CF = Ch, PF «= C2,:\2F = C3 
194 jc funny parameter 3; Jump if empty, NAN, or infinity 
195 ; ; 
196 : Angle is unnormal, normal, zero, or denormal. 
197 ; 
198 fxch ; ST(1) = PI/4, st(@) angle 
199 mov c1,6 P ; Signal sine 
288 jpo sine_zero_unnormal ; Jump if zero or unnormal 
261 ; 
262 ; ST(®) is either a normal or denormal value. Both will work. 
263 ; Use the fprem instruction to accurately reduce the range of the given 
204 ; angle to within @ and PI/4 in magnitude. If fprem cannot reduce the 
265 3 angle in one shot, the angle is too big to be meaningful, > 2**62 
266 : radians. Any roundoff error in the calculation of the angle given 
267 3 could completely change the result of this function. It is safest to 
288 ; call this very rare case an error. 
289 3 
ae 210 enter sine: 
211 
212 fprem ; Reduce angle 
213 ; Note that fprem will force a 
214 ; denormal to a very small unnormal 
215 ; Fptan of a very small unnormal 
216 + will be the same very small 
217 ; unnormal, which is correct. 
218 mov sp,bp ; Allocate stack space for status 
219 Fstsw status ; Check if reduction was complete 
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Calculate the sine of the argument. 
sin(A) = tan(A)/sqrt (1+tan(A) **2) 


sin(A) = ¥/sart (X*x 4 veY) 
fia. * wei) che Siureugte oS 
Pg ae skal 5 finish. _sine” eaicranes? 

; ate | SeSaei-= Bg a ah: z 4 b A me 


3 Get (aes status 
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POP.’ ene ees 
test bh high (mask cond2) ‘Bin (2*N*PT+x) | =  sin(x) Dea, 
at  jnz angle | too - big. ; ie ee ESS: 
; Set sign flags and test for shen ae of the revolution 1 the Si 
3 angle fell into. eases 
; ; 
; Assert: -PI/4 < st(6) < PI/4 
: fabs ; ye 
; condl bit in bf olde: the 
OF op Go ; Test for sine or Gomis: : 
jz sine_select ; Jump if sine function — 
; 5s 
: This is a cosine function. fasiace the original sign of the. ‘angy 
; and add a quarter revolution to the octant id from the mabe ins U 
; cos(A) = sin(A+PI/2) and cos(IAI) = cos (A) #Ke 
; / sity Az 
and ah,not high (mask condl) : tutn. off sign of. ‘argument 
or bh,high(mask busy) ; Prepare to add 816 to CO, 
° 3; Status value in ax | 
; Set busy bit so carry out f 
add bh,high(mask cond3) eh ; C3 will go into the carry 
mov al,@ ; Extract carry flag s 
rel: al,i 7a ; Put carry flag in ee bit | 
xor bh,al . mie ; Add carry to C@ not chang 
sh , # Cl flag ee 
: : : . ‘ iss as as 
: See if the argument should be reversed, depending on the siemens 
; which the argument fell during fprem. pon hee 
; 
sine_select: 
test bh,high(mask condl) ; Reverse angle ifCl=1 | 
jz no_sine_reverse - 
; Angle was in octants 1,3,5,7. 
fsub ; Invert sense of rovation fe 
jmp short do_sine fptan ; @ < arg <= PI/4 : 
; 
. Angle was in octants @,2,4,6. ieee ci aaa 
; Test for a zero argument since fptan will not work if st(@) =@ = 
; : | : 5 aaeeae 
no_sine_ reverse: } 
ftst ; Test for zero angle 
mov sp,bp 3; Allocate stack space 
fstsw status ; cond3 = 1 if st(®) = 6 2 
fstp st(1) ; Remove PI/4 * 
pop cx ; Get ftst status pecco 
test ch,high(mask cond3) ; If C3=l, argument is zero ~~ 
me 3 sine argument _ zero te 
; Assert: @ < st(6) <= PI/4 
do_sine_fptan: 
| fptan ; TAN ST(8) = ST(1)/ST(B) = Y/X 
after sine fptan: 
pop bp ? Restore stack 
test bh,high(mask cond3 + mask condl); Look at octant angle fell into. 
jpo X_numerator ; Calculate cosine for octants © 
; 


1,2,5,6 


if tan(ay "#0. then 
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or 4 value | ies FE ae 
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ees 


as 3 a : 
: a ail a2 Sy Lee “3 tp Se 
= = re Ri Ly 2 Y =k eoe REE ™ S: <a re A gopee . Tite ees me cas 5 ae ~ 3 rm % = x. 
ene ig ne ; a. aS Se : Ba te Lee <= _ = : te ork eat 2 S25 = : 
eee at age es See ie dae iy: Le alae 
' <2 ZEAE wh rete tes POR de AP > bX i 33 ag ee a ae 
ES eS pee Ree SIS ae as aes. Bf 
: is 3 ee = ; Ao ss ae a % ¥ = ae é A ec 2 
ce ae | The top of: the stack sh either WAN i infinity, or “eanke. be 
‘ es | } , 3 , 
“funny _parameter: | Ps ee 
fstp st (0) ; Remove PI/4_ 
jz return empty fe ; Return empty if no parm 
jpo return NAN <# ; Jump if st(@) is NAN 


st(@) is infinity. Return an indefinite value. 


=e te te 


fprem | ; ST(1) can be anything 


‘ceacGrn _NAN: 
return “empty: 


pop -—ibp + ; Restore stack 
ret ; Ok to leave fprem running 
7 
.. Simulate fptan with st(@) = @ . , ‘ 
oF 3 , | 
sine, _argument _ zero: j 
fldl ; Simulate tan(@) | 
jmp after sine fptan ; Return the zero value 


The angle was too large. Remove the modulus and dividend from the 


3 
ree stack and return an indefinite result. 
- 
angle _too big: 
_ feompp ; Pop two values from the stack 
fld indefinite ; Return indefinite 
pop bp ; Restore stack 
fwait ; Wait for load to finish 
ret 
; 
PF} Calculate the cosine of the argument. 
<a cos(A) = l/sqrt(1l+tan(A) **2) if tan(A) = Y/X then 
ae cos(A) = X/sqrt(X*X + Y*Y) 
Bes 
X_numerator: 


fla st (0) 


; Copy X value 

fxch St (2) ; Put X in numerator 
finish sine: 

fmul st,st(@) ; Form X*X + Y*Y 

fxch 

fmul st,st(@) ) 

fadd ; st(@) = X*X + Y*Y 

fsqrt : st(@) = sqrt (X*X + Y*yY) 
; Form the sign of the result. The two conditions are phe: Cl flag Fron 
; FXAM in bh and the C@ flag from fprem in ah. 
: and bh,high(mask cond®@) ; Look at the fprem C@ flag 

and ah,high(mask condl) ; Look at the fxam Cl flag 

or bh,ah | ; Even number of flags cancel 

jpe positive sine ; Two negatives make a positive 

fchs_ ; Force result negative 
positive sine: 

fdiv ; Form final result. 

ret. 3 


Ok to leave fdiv running 


cosine endp — 
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this euiatton will calculate the tangent of an angle. PANE. nae 

The angle, in radians is passed in ST(6), the tangent is returned 
in ST(@). The tangent is calculated to an accuracy of 4 units in the — 
least three significant bits of an extended real format number. ; 


PLM/86 calling format is: | ie is 
tangent: procedure (angle) real external; | 
declare angle real; 
end tangent; 


Two stack registers are used. The result of the tangent ronatlan ides 


defined for the following cases: eae 
| ee 
angle _- result. ~ ae 


ad a, 


* 
gets; 


valid or unnormal < 2**62 in magnitude correct value 
V1) 8 age aah 
denormal correct den ore ee 
valid or unnormal > 2**62 in magnitude indefinite i tae 
NAN baa ; 
infinity , : indebtnitas ween 
empty : empty 2 ae 
The tangent instruction uses the fptan instruction. Four possible 
relations are used: TS ae 
Let R = Jangle MOD PI/4| ae 
S = -lorl depending on the sign of the angle per hy 
re 


1) tan(R) 2) tan(PI/4-R) .3) 1/tan(R) '. . 4) 1/tan(PI/4-R)_ Af 


The following table is used to decide which relation to use aepend! 
on in which octant the angle fell. | eatery 


octant relation eee S 


S*] ee 
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angent proc } | . 


fxam ; Look at the parameter j= | 

push bp ; Establish stack bem cee 
— sub sp,size local area ; Allocate local variable aes St 

mov bp,sp / 

fstsw status ; Get fxam status 

Ela.’ pi_quarter ; Get PI/4 

pop ax . 

lahf ae ; CF = CO, PF = C2, 2F = C3 

je funny parameter i 


Angle is unnormal, normal, aie or denormal. 


=e Se te 


-fxch | : ; st(@) = angle, st(1) = ‘PI/s 
jpe tan_zero_unnormal 


; 

: Angle is either an normal or denormal. 

; Reduce the angle to the range -PI/4 < result < PI/4. 

; If fprem cannot perform this operation in one try, the magnitude of tha: 
: angle must be > 2**62. Such an angle is so large that any rounding 

3 errors could make a very large difference in the reduced angle. — 
3 It is safest to call this very rare case an error. 

e 
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an. normal 3-'-" >. 3° y ete Sok 
fprem WO ~aeee eS gubelent in ©6,c3, cl be 2 oem 
we ee Le Ae GN Tae ‘ ee nae Convert denormals into unnormal 3 
a? et ¥ oe : ‘ a — Pa Je re poe : (3 
i 7 Sta BP" 2 —s as we 3 aT cee re e reeet 24 ‘ aa Mesos a X= 
na > a + ~. Li et “ ‘ =: vs! in a, > z Pa Cie ye #3 5 . = an . Py. , ak oe =r oa > 
ee : ; » 4 us Aa ~~ as " r 3-59 ry a ” . pat 2 aa" . +h 1 +f Say iy mo “Vx us, Eee cae =) 
- — te -. eg cee é gas a =e A as a ~*~ ‘- « wey _ | » Al wns % =a . F a 
. 4 j en : z,! San nat ey : Terk, ee LY an eta * RUF eaiicts eo ae a eh ca, reF > 
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‘% » ; aD ; i i +4 A Sil “x ri 
i 2 ae ae i hp aes eT ae Boa See ee eters ie 
j zee is oa r = con : x t 2 a Re j aah et ae Ch 
a oe a 5 Tn ar a.« Seo a OS Pigtee ease 
12 = AP-11 fee ee note a3 ee apes? 
, Z feta E D4 = a “ie 
srs a Se es , PF 
mov sp,bp 3 al ianiben eect ‘spce 
 fstsw status ; Quotient identifies aetant 
Ria fe ; original angle fell into 
pop bx ' 3; tan(PI*N+x) = tan(x) | 
test bh,high(mask cond2) 3; Test for complete reduction 
jnz angle _too big ; Exit if angle was too big 


See if the angle must be reversed. 
Assert: -PI/4 < st(@) < PI/4 


fabs 6 <= st(B) < PI/4 
Cl in bx has the sign flag 


must be reversed 


me =e Se Se te 


=e =e te 


test bh,high(mask condl) 


' jz no_tan_reverse 
a 
: Angle fell in octants 1,3,5,7. Reverse it, subtract it from PI/4. 
5 | 
_ fsub ; Reverse angle 
jmp Short do_tangent 


Angle is either zero or an unnormal. 


5 ‘ 4 ae 
ial sete r 


an _zero_unnormal: 


fstp st (1) 


Remove PI/4 
a2 tan_angle | zero 


 &e 


Angle is an unnormal. 


 €e =e Be 


call normalize value 
jmp | tan_normal 


tan_angle zero: 


pop bp | ; Restore stack 
ret . 


=e te Fe 


Angle fell in octants @,2,4,6. Test for st(@) = 6, fptan won't work. 


" 


-no_tan_reverse: 


GE |< Se  ftst 
pie So ae ae 


3; Test for zero angle 
mov sp,bp ; Allocate stack space 
fstsw status 3; C3 = 1 if st(@) = @ 
fstp - $E(1) ; Remove PI/4 
pop cx ; Get ftst status 
test ch,high(mask cond3) ee 
jnz tan_zero 


_do_tangent: 
fptan ; tan ST(@) = ST(1)/ST(B) 


after tangent: 


, 
: Decide on the order of the operands and their sign for the divide 
3 operation while the fptan instruction is working. 
e 
“pop bp ; Restore stack 
+ mov al,bh ; Get a copy of fprem C3 flag 
and ax,mask condl + high(mask cond3); Examine fprem C3 flag and 
fxtract Cl flag 
test #$bh,high(mask condl + mask gondais Use reverse divide if in 
; 3; octants 1,2,5,6 
jpo reverse divide ; ; Note! parity works on low 
er ; 8 bits only! 


? e t 
; Angle was in octants 6,3,4,7. 
SE. Test for the sign of the result. Two negatives cancel. 
MP ET BE a e1,6h) oo * 
Nea ore le : beat kive divide = ~ 
xe : ‘ . we ; 3-60 : { q 3, 5 ‘ : 2 ¥ 
fe ise fe car . Mee a ee ae Ps 
3 oy sok ae See esis a 


t= wa 


514 \ A. 
SiS fchs . :; Force result negative — 
516 a Ly Bae 7 
Si7 positive divide: tay pe 
518 . . : | . pe 
519 fdiv ; : ; Form result 
oo rot ; Ok to leave faiv running 
522 tan_zero: — a) : aoe 
ed * 
524 | fldl ; Force 1/0 = tan (PI/2) 
525° jmp after tangent ; = oEN 
526 ; yan a 
527 ; Angle was in octants 1,2,5,6. fie 
528 3 Set the correct sign of the result. it 
529 ; ; git: 
530 reverse divide: | | ; Mae ae 
531 me : ; 7% ~ Bish 
532 or al,ah Pts ea eee oe 
533 jpe positive _r divide | i ede 
534 = Bae 
535 fchs ; Force result negative Bens 2 7 
536 : ee Smarr iat Bae 
537 positive r_ divide: , ie «oe ae tes 
538 / ; as aS a se Pees 
539 fdivr ; Form reciprocal of result — 
(546 ret eee stg ; Ok to leave fdiv running © 
541 | 3 Pas ; met fea ¢ Fie ks 
542 tangent endp . f ee , 
543 H . ; . ae ey 
544 ; This function will normalize the value in st (0). Rae 
a> 3. ge Then PI/4 is ‘wiayes: into st(1). ‘ et ae 
546 ? eae 
547 normalize value: OO as 
548 > . =, 
549 fabs ; Force value positive tt aa 
558 fxtract 7; @ <= st(®) <1 eee 
551 fldl ; Get normalize bit < eee 
552 fadd st(1l),st ; Normalize fraction -  — | 
553 . fsub ; Restore original value — eee: 
554 fscale ; Form original normalized valu 
555 fstp st (1) 3 Remove scale factor fet 3 ee 
556 fld pi_quarter ; Get PI/4 ee 
557 fxch : ae ae 
558 ret Pe 
559 , ; | 
568 code ends 
561 end 


ASSEMBLY COMPLETE, NO ERRORS FOUND 


. : 57 = Pa 2 . ; ' ; f a - > 
rate bet a % AE ee MS See. 
ie Be tak ek a 
bd i a ee ie . - - 
- oe ee neblee si 
Seino gt # 


1981 


September 


eo pret Meee 
Uneee 


: Pao rer te oe PN. oh or 
Sige rae ae “ 
Bohiy 
45% 


l. INTRODUCTION 


This application note describes the design of a disk con- 
troller for a Shugart SA4008 Winchester disk drive. An 
8089 I/O processor is used to offload many of the disk 
control overhead tasks from the host processor. The in- 
telligent controller maximizes system throughput by 
performing the disk control tasks concurrently with 
data processing by the host processor. The features of 
the 8089 I/O processor which make it ideal for disk con- 
trol applications are also described. 


As newer microprocessors provide more throughput 
and address more memory, larger and more complex 
microprocessor based applications are designed. Many 
of these applications require high performance and high 
capacity mass storage devices such as hard disk drives. 
Winchester-technology (filtered air system and non- 
removable platters) disk drives are cost and perfor- 
mance compatible with high performance micro- 
processors. These drives provide more performance and 
reliability than floppy disk drives yet are less expensive 
than removable platter disk drives of comparable per- 
formance. 


For applications requiring high performance disk 
drives, a major task of the system designer is the design 
of the disk controller—the interface between the high 
performance processor and disk drive. The conven- 
tional approach (Fig. 1) is to develop specialized control 
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circuitry which interfaces the disk drive to the host - 
processor’s system bus. The host has complete control 7 
over the disk drive and executes a separate command se- 
quence for each function—such as seek, format or read Pie 
data. The host is assisted by a DMA (direct memory et 
access) controller which performs the high speed trans- ae 
fers of read or write data between the drive interface 3 
and the system memory. Any error processing, such as 
CRC (cyclic redundancy check) error checking and in- — 
itiating retries, is also performed by the host processor. 
A major disadvantage of this approach is that a large 
portion of the host’s time and bus bandwidth is con- 
sumed by disk control overhead (command execution, Eas 
interrupt servicing, and error processing) leaving little : 
time for data processing. 


A better approach is to partition the system functions = = = — 
and implement an intelligent disk controller which AN 
would perform the overhead tasks and free more host _— a4 
processor time for data processing. This intelligent con- 
troller would be able to accept a single high level com- 
mand and perform multiple functions such as seek, read — 
data, and process errors. Here the host has more time 
for data processing since it generates one high level com- 
mand rather than several simple commands. It also ser- 
vices only one interrupt at the completion of the high 
level command rather than several. 


The system configuration of an intelligent disk con- . 3 
troller based on the Intel 8089 I/O processor is shown in oe 
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Figure 1. Conventional Disk Controller System Configuration 
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Figure 2 where it is used in conjunction with an 8086 
CPU as the host processor. This type of system con- 
figuration is called the iAPX 86/11 since it contains an 
8086 and an 8089. The 8089 I/O processor is ideal for 
implementing an intelligent controller since it provides 
processing capabilities well suited for controlling a disk 
drive and high speed DMA transfers for moving data to 
and from the disk drive. The 8089 also supports a 
private local bus which provides access to the drive con- 
trol circuitry, program memory, and local data buffers. 
This minimizes access to the shared system bus and 
hence increases overall system throughput. It will be 
seen later that local data buffering allows: 


—high speed burst transfers without overrun and 
underrun errors 


— disk controller operation at lower system bus priority 
than the host to maximize host processing 


— error detection and retries directly by the disk con- 
troller without host intervention 


The 8089-based disk controller maximizes system 
throughput. The disk control overhead tasks are off- 
loaded from the host and performed by the 8089. This 
frees host processor time for data processing and other 
control processing. Host processor performance is 
reduced when both the host and 8089 try to access the 
system bus at the same time. These system bus conflicts 
can only occur when the 8089 accesses the system 
bus—during the accessing of memory-based com- 
munication blocks (used for transferring command and 
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status information) and during sector data transfers be- 
tween the system memory buffer and the 8089’s local 
data buffer. For a single drive, this can mean host proc- 
essor performance degradation of no more than 3%. 


- With the conventional approach of Figure 1, the degra- 


dation can approach 10% due to CPU overhead time to 
control the disk operation and system bus time used by 
the DMA controller. Thus the 8089-based controller 
allows significantly more processing by the host, espe- 
cially when multiple drives are supported. 


This application note describes how basic disk control 
functions are implemented with an 8089. Therefore, the 
design described here does not exhibit all features pos- 
sible in an intelligent controller. However, the hardware 
design allows the software to be easily enhanced to pro- 
vide extra features. A later section addresses software 
enhancements. 


The application note begins with an overview of the 
8089 I/O processor followed by a brief description of 
the SA4008 drive. Next a discussion of the implemented 
functions is provided. A detailed description of the 
hardware and software design is then presented. Finally, 
a discussion of possible enhancements concludes the 
note. 


Additional information related to topics discussed in 
this application note can be found in the following Intel 
documents: 


The 8086 Family User’s Manual 
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Figure 2. Intelligent Disk Controller System Configuration (iAPX 86/11) 


AFNO02057A 


_ —— an ~ i a aa. 
Pe en ER Se ee ae ee ae ea a 
eee eae Sate Ga ‘ - . ae ay ' Shas tole 
; ete eaten) Pare AD Re had ae se ee 


ane tse Terk * het a ® 
a > al aaa 


Be gee ee 


Sile2" 


Intel Multibus Specification 
iSBC 86/12A Hardware Reference Manual 
iSBC 604/614 Cardcage Hardware Reference Manual 


ICE-86 In-Circuit Emulator Operating Instructions for 
ISIS-II Users 


RBF-89 Real-Time Breakpoint Facility Operating In- 
structions for ICE-86 In-Circuit Emulator Users 


8089 Macro Assembler User’s Guide 


In addition, the following documents from Shugart 
Associates provides detailed information on the disk 
drive: 


SA4000 Fixed Disk Drive OEM Manual 
SA4000 Fixed Disk Drive Service Manual 


ll. INTEL® 8089 I/O PROCESSOR 


This section briefly describes the 8089 I/O processor’s 
features and modes of operation. A more detailed dis- 
cussion can be found in The 8086 Family User’s Manual 
(October 1979). 


A block diagram of the 8089 I/O processor is shown in 
Figure 3. The 8089 provides two independent channels. 
Both channels can execute task program instructions 
and perform high speed DMA transfers. Each channel 
has its own register set to support these operations. 


A channel starts operation by executing task program 
instructions. These instructions are conceptually similar 
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to instructions of other microprocessors but are typi- 
cally executed to prepare the channel and I/O device for 
DMaA transfers. Execution of the XFER (transfer) in- 
struction switches the channel from instruction execu- 


tion mode to DMA mode and high speed data transfer — 
cycles are performed. When the DMA transfer termi- — 
nates, task program instruction execution resumes for . 


any post-DMA processing (e.g., status analysis, error 
processing, etc.). One channel or two channels may be 
operating at any given time. When two channels are ac- 
tive, they operate in a time-multiplexed manner sharing 
a common multiplexed address/data bus. A flexible pri- 
ority structure allows both channels to operate with 
equal priorities or either channel to operate at a higher 
priority. 


The 8089’s bus structure and timing are identical with 
other members of the iAPX 86 and iAPX 88 families, 


such as the 8086 CPU and 8087 numeric processor ex- | 


tension. This allows the bipolar support circuits of the 
iAPX 86 and 88 families (8284A clock generator, 8288 
bus controller, 8289 bus arbiter, etc.) to be used with the 
8089. The 8089 generates 20 address signals and, 
depending on how it is initialized, supports an 8- or 
16-bit data bus. This provides compatibility with the 
16-bit 8086 CPU or the 8-bit 8088 CPU. 


Both channels can access a 1 megabyte system address 
space and a 64 kilobyte local address space. Each ad- 
dress space accommodates both memory and I/O 
devices. This allows task program execution, memory 
data access, and I/O device access in both system and 
local address spaces. Task program and DMA access of 
the two address spaces is discussed later. 


20 


AD15-ADO 
A19/S6-A16/S3 


BUS 
INTERFACE 
UNIT 


Figure 3. 8089 I/O Processor Block Diagram 
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The 8288 bus controller used with the 8089 provides 
separate command signals for each address space. The 
bus controller’s memory read and write commands pro- 
vide access to the system address space and the I/O read 
and write commands are used to access the local address 
space. Separate commands for each address space allow 
two external buses to be implemented which promotes 
concurrent processing between the 8089 and the host 
processor and increases system throughput. 


In addition, the 8089 allows these physical buses to be 
either 8 or 16 bits wide. During the 8089’s initialization 
sequence, the widths of the system and local buses are 
defined. Although the 8089 supports two buses, a single 
bus may be used which is shared with a CPU. This will 
be described later when local and remote mode con- 
figurations are discussed. 


The interface signals used to communicate with a host 
processor are also shown in Figure 3. The channel atten- 
tion (CA) and select (SEL) input signals are used to start 
channel operation. Both signals are activated simul- 
taneously by the host. SEL selects channel 1 or channel 
2 (0 or 1, respectively). The SINTR1 and SINTR2 out- 
put signals are used to interrupt the host processor. One 
of these signals is activated whenever the set interrupt 


instruction, SINTR, is executed. SINTR1 is activated by — 


channel 1 and SINTR2 by channel 2. The memory- 
based communication structure used to transfer com- 
mand and status information between the 8089 and the 
host processor is discussed in a later section. 
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System Configurations 


Systems using the 8089 may be configured in one of two 
different ways—local mode or remote mode. In the 
local configuration, the 8089 provides capabilities of an 
intelligent DMA controller for a single CPU. In the 
remote configuration, the 8089 provides capabilities of 
a control processor and a DMA controller and can 
operate concurrently with one or more host processors. 


Local Mode Configuration 


In the local mode configuration, the 8089 resides on the 
same local bus as an 8086 or 8088 CPU and shares the 
clock generator, address latches, data transceivers, and 
bus controller with the CPU. An example of a local 
mode iAPX 88/11 (8088 CPU and 8089 I/O processor) 
configuration is shown in Figure 4. 


The 80839 is a slave to the CPU in local mode configura- 
tions and access to the shared bus is controlled by the 
bidirectional request/grant (RQ/GT) line. The CPU has 
possession of the bus when system operation begins. 
Whenever the 8089 needs access to the bus, it signals the 
CPU of this need by pulsing the RQ/GT line. The CPU 
may be presently accessing the bus. As soon as the CPU 
is finished with the bus, it pulses the RQ/GT line. The 
8089 receives this grant pulse and accesses the bus. 
When the 8089 is finished using the bus, the 8089 pulses 
the RQ/GT line to notify the CPU that it has released 
the bus. 


Once the 8089 acquires the bus, it retains bus possession 
until finished. The request/grant protocol provides no 


SYSTEM MEMORY 


0 DEVICE 2 


0 DEVICE 1 


Figure 4. Typical Local Mode Configuration (iAPX 88/11) 
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mechanism for the CPU to regain the bus from the 
8089. Care should be used when selecting this configura- 
tion since frequent or lengthy periods of 8089 activity 
can limit the CPU’s use of the bus. However, the local 
mode configuration is an economical technique for add- 
ing intelligent, high speed DMA transfer capabilities to 
the system. 


In local mode configurations, the 8089’s 1 megabyte 
system address space coincides with the CPU’s memory 
address space and the 64 kilobyte local address space 
coincides with the CPU’s I/O address space. This means 
that when the 8089 accesses its system space or when the 
CPU accesses its memory space, the 8288 bus control- 
ler’s memory read or write command is activated. When 
the 8089 accesses its local space or when the CPU ac- 
cesses its I/O space, the bus controller’s I/O read or 
write command is activated. 


The 8089’s physical data bus widths must be defined the 
same as the CPU’s during the initialization sequence (to 
be discussed later) in local mode configurations. With 
an 8088 CPU the 8089’s system and local physical bus 
widths must be initialized as 8 bits. When used with an 
8086 CPU, both buses must be initialized as 16 bits. 


Although the 8089 can execute programs and access 
memory and I/O devices from its two address spaces, 
several rules should be followed to ensure compatibility 
with the CPU. Data memory that is shared with the 
CPU must be accessed in the 8089’s system address 
space. I/O devices which are accessed by the CPU in its 
I/O address space must be accessed in the 8089’s local 
address space. Other memory and I/O devices accessed 
by the 8089 only may reside in either the 8089’s system 
or local address space. | 


Remote Mode Configuration 


In the remote mode configuration, a shared system bus 
with memory provides communications between the 
host processor and the 8089 I/O processor (Fig. 5). The 
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Figure 5. Remote Mode Configuration 


8089 supports two independent externally-implemented 
physical buses (Fig. 6). One bus is the shared system bus | 


and the other is a private local bus. The system bus 


interface contains address latches, data transceivers, a 


bus controller, and a bus arbiter. The host processor 
uses an identical interface to access the system bus. The 
8289 bus arbiter controls access to the system bus and is 
responsible for acquiring and surrendering the bus 
based on system priorities. The local bus interface con- 
tains address latches and data transceivers (if required 
by loading conditions). 


The 8089’s 1 megabyte system address space is used to 

access the shared system bus and the 64 kilobyte local - 
address space is used to access the private local bus. A 

single 8288 bus controller provides command signals for 

both the system and local buses. The memory read and 

write commands are used to access both memory and 

I/O devices on the system bus. The I/O read and write 

commands are used when accessing memory or I/O 

devices on the local bus. 


The physical widths of the system and local buses may 


be 8 or 16 bits. The widths are defined during the in- 
itialization sequence (to be discussed later). All four bu 
width combinations are available: | 


8-bit system bus and 8-bit local bus 
8-bit system bus and 16-bit local bus 
16-bit system bus and 8-bit local bus 
16-bit system bus and 16-bit local bus 


LOCAL 
MEMORY 


cE 


TRANSCEIVERS 


Figure 6. Typical 8089 I/O Processor Module 
(Remote Mote) 
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The system bus width is typically established by the host 
processor. A 16-bit system bus is usually used with a 
16-bit host while an 8-bit bus with an 8-bit host. The 
local bus width is typically selected based on the peri- 
pheral devices supported—8-bit bus with 8-bit peri- 
pherals and 16-bit bus with 16-bit peripherals. A 16-bit 
— local bus is selected when both 8- and 16-bit peripherals 
are supported since it allows task program and DMA ac- 
cessing of both 8- and 16-bit I/O devices. DMA capa- 
bilities are discussed later. Memory devices are con- 
figured so that the width of the memory’s data path is 
the same as the physical bus. = 


Communications With Host Processor 


Communications between the host processor and the 
8089 I/O processor are primarily through shared 
memory. The hardwired signals (CA and SEL to the 
8089 and SINTR1 and SINTR2 from the 8089) are used 
as startup and interrupt signals. Memory-based commu- 
nication is implemented through a series of five linked 
control blocks (Fig. 7). This feature provides a very flex- 
ible communication structure and allows the 8089 to 
handle a wide variety of I/O functions. 


The first three linked blocks in the communication 
structure are used during the 8089’s initialization se- 

quence (Fig. 8). The system configuration pointer (SCP) 
- and system configuration block (SCB) are used only 
during initialization. Initialization is required after a 
RESET signal is received by the 8089. When the first 
channel attention after reset is received, the initializa- 
tion sequence begins and the 8089 reads the data in the 
system configuration pointer. The parameter SYSBUS 
defines the physical width of the system bus (8 or 16 


__ bits). The SCB offset and segment base point to the se- 


cond block, the system configuration block (SCB). The 
8089 next reads the data in the SCB. The SOC param- 
eter defines the local bus’s physical width and re- 
quest/grant mode (refer to The 8086 Family User’s 
Manual). The CB offset and segment base point to the 
channel control block (CB). The 8089 clears (zeros) 
channel 1’s BUSY byte in the CB which completes the 
initialization sequence. With subsequent channel atten- 
tions, the 8089 directly accesses the CB as described 
below. 


The SCP, SCB and CB must reside in shared memory 
since both the host and the 8089 access them. The SCP 
must begin at OFFFF6H while SCB and CB locations are 
user-defined. The SCP is typically located in ROM 
while the SCB and CB are in RAM. With the SCP in 
ROM, the SCB’s location remains fixed once defined. 
Since each 8089 must have a unique CB, the SCB (which 
points to the 8089’s CB) must be placed in RAM if mul- 
tiple 8089’s exist in the system. This allows each 8089 to 
be initialized and directed to its own CB. The CB must 


be in RAM since certain parameters are updated during 
8089 operation (e.g., BUSY byte). 


The channel control, parameter and task blocks are 
used whenever the host starts channel operation. The 
host initializes certain parameters in the channel control 
and parameter blocks before generating the channel 
attention signal. When the 8089 receives a channel 
attention signal, the proper half of the CB is accessed 
depending on the value of SEL (0 for channel 1 and 1 
for channel 2). The CCW (channel control word) in- 
structs the selected channel what action to perform, 
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| Figure 7. Memory Based Communication Blocks 
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Figure 8. Initialization Control Blocks 


such as start, suspend, resume, or halt task program 
execution. The BUSY byte is set to OFFH by the 8089 if 
task program execution is started or resumed. The 8089 
clears it to OH if task program execution is suspended or 
halted. Within the channel control block, PB1 offset 
and segment base point to the parameter block for chan- 
nel 1 and PB2 offset and segment base point to the 
parameter block for channel 2. From the proper param- 
eter block, the 8089 reads the task block (TB1 or TB2) 
offset and segment base which point to the task pro- 
gram. The task block address must be the first two 


words of the parameter block. All other parameters in — 
_the PB are user-defined allowing parameters to be tail- 


ored to a specific I/O task. 


Of all the five linked blocks, only the task block may 
reside either in system or local memory. For remote 
mode configurations, the task block typically resides in 
local memoty to obtain maximum system performance. 
However, executing task programs from system 
memory is advantageous for initial debugging or for ex- 
ecuting a task program that downloads another task 
program from system memory to local RAM. 
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DMA Capabilities 


The 8089’s high speed DMA capability is ideal for disk 
controller applications. The maximum DMA transfer 
rate with a 5 MHz clock is 1.25 megabytes/sec. Conven- 
tional DMA controllers use a single bus cycle and gate 
data from the source device (memory or I/O) to the 
destination device. However, the 8089’s DMA transfer 
‘uses two bus cycles. The first bus cycle reads the data 


from the source device and the second bus cycle writes . 


the data to the destination device. The advantages of 
two cycle DMA are discussed in a later section. 


All possible combinations of source and destination 
device specifications are available. Both source and 
destination may be memory or an I/O device. This 
means that memory to memory, I/O to I/O, and 
memory to or from I/O DMA transfers are available. In 
addition, DMA transfers between system and local ad- 
dress spaces or within the same address space can be 
specified. 


Both memory and I/O devices (source and destination) 
are specified as addresses either in the system or local 
address space. These address values are loaded into 
‘source and destination pointer registers. After each 
word or byte is transferred, a register used as a memory 
‘pointer is incremented by one for byte transfers or by 
two for word transfers. A register used as an I/O device 
pointer is not modified. Registers used as DMA memory 
pointers are incremented only. No provisions exist for 
decrementing memory pointer registers during DMA. 


DMA Synchronization 


To accommodate a wide range of I/O device transfer 
rates, the 8089 allows DMA transfers to be synchro- 
nized. Each byte or word is transferred between the I/O 
device and the 8089 upon receiving a DMA request 
synchronizing signal from the I/O device. Each channel 
has a DMA request input: DRQI for channel 1 and 
DRQ2 for channel 2. Three options exist when specify- 
ing DMA transfer synchronization. DMA transfers may 
be source synchronized, destination synchronized, or 
unsynchronized. 


During source synchronized DMA transfers, the chan- 
nel waits until the DMA request input is activated by the 
. source device before reading the data. External circuitry 
decodes the source device’s address and provides a 
DMA acknowledge signal to the source device allowing 
it to deactivate the DMA request signal. Immediately 
after readirg the data, the 8089 writes it to the destina- 
tion device. The next read and write cycles begin when 
the source device activates DMA request again. Source 
synchronized DMA transfers are typically used when 
transferring data from an I/O device to memory. 


During destination synchronized DMA transfers, the 
channel reads the data from the source device and waits 
for the DMA request signal before writing the data to 
the destination device. Similar to source synchroniza- 
tion, the DMA acknowledge signal is generated by 
decoding the destination device’s address. This type of 
synchronization is commonly used when transferring 
data from memory to an I/O device. 


The final synchronization option is to specify no synch- 
ronization. Here the DMA request input is not exam- 
ined and the channel transfers data without waiting for 
a request. This specification is usually reserved for 
memory to memory transfers. The channel runs at full 
memory speed. Wait states may be used when accessing 
slow memory devices or when waiting to access the 
shared system bus. 


DMaA latency is the time required for the 8089 to re- 
spond to a DMA request; i.e., the time from DMA re- 
quest signal activation until the synchronized bus cycle 
begins. DMA latency is-due to DMA request propaga- 
tion through internal pipelined control circuitry. The 
maximum DMA latency time when one channel is active 
and waiting for DMA request is 6 clocks. When both 
channels are active, the latency time may be up to 12 
clocks. 


Due to DMA latency, the DMA request signal cannot be 
used to synchronize transfers when the transfer rate of 
the I/O device is close (greater than 0.7 megabytes/sec 
when one channel is active) to the maximum transfer 
rate of the 8089, 1.25 megabytes/sec. For this case, wait 
states may be used to synchronize transfers. Since hard 
disk drives are in this category, the disk controller 
described in this application note uses wait states to 
synchronize disk transfers. 


Advantages of Two Cycle DMA 


The two bus cycle implementation of DMA transfers 
allows enhanced DMA capabilities. Data transfers be- 
tween source and destination devices with different data 


widths may be specified. For example (Fig. 9), a DMA 


transfer cycle from an 8-bit I/O device to 16-bit memory 
is accomplished by reading two bytes from the I/O de- 
vice (two bus cycles), assembling the bytes into a word, 
and then writing a single word into memory (one bus cy- 
cle). Here buses are accessed efficiently since three bus 
cycles are required as compared to four bus cycles if a 
single byte at a time were read and written. In the same 
example, since the 16-bit memory resides on the shared 
system bus, 50% fewer system bus accesses are required 
and overall system throughput may be increased. 


Use of this bus matching DMA feature involves specify- 
ing logical DMA source and destination bus widths with 
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Figure 9. 8-Bit I/O to 16-Bit Memory DMA 


the WID instruction. This allows DMA transfers to or 
from 8-bit I/O devices which reside on a 16-bit bus. The 
only restriction is that the logical bus width may not ex- 
ceed the physical width. Thus 8- or 16-bit transfers may 
be performed with a 16-bit bus while only 8-bit transfers 
are permitted with an 8-bit bus (Fig. 10). Synchronized 
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Figure 10. Logical Bus Widths for DMA Transfers 
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DMaA transfers between dissimilar width logical buses 3 
may have more than one synchronized bus cycle. For ex- ee 
ample, destination synchronized transfers from 16-bit ? 
memory to an 8-bit I/O device perform two synchro- 
nized 8-bit write bus cycles for each 16-bit fetch from 
memory. ts 
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Another feature derived from the two bus cycle DMA 
approach is character translation during DMA mode. 
Byte data may be translated via a 256-byte translation or 
lookup table. During each DMA transfer cycle, a byte 
of data is read from the source device, the data byte is 
translated, and then the translated byte is written to the 
destination device. Three bus cycles are required here 
since the translation requires a fetch cycle from 
memory. 


_Two bus cycle DMA also allows DMA transfers to be 


terminated based on masked comparison of the trans- 
ferred data. This is discussed in the next section. 


DMA Termination 


The 8089 allows several conditions to terminate DMA 
transfers. One condition or sevefal conditions may be 
specified. When several conditions are specified, DMA 
transfers are terminated when any one condition is 
detected. In addition, different task program re-entry 
points may be specified for each condition. This permits 
special post-DMA processing based on the terminate 
condition. Task program re-entry points are specified as 
offsets which are added to the task pointer. Three off- 
sets are available: 0, 4, or 8. These offsets permit long or 
short jumps to termination routines. When more than 
one terminate condition occurs simultaneously, task 
program execution is resumed at the largest offset of the 
simultaneously occurring terminate conditions. An ex- 
ception to this rule exists. The byte count terminate con- 


dition has highest priority and its offset is used if this 


terminate condition occurred. 


DMA transfers can be terminated when the byte count 
(BC) register, which is decremented after each byte or 
word is transferred, reaches zero. The 16-bit BC register 
is initialized by task program instructions before the 
DMaA transfer is started and permits data transfers of 
up to 64 kilobytes to be terminated. Each channel has an 
external terminate (EXT) input which can be activated 
by external circuitry to terminate the DMA transfer. 
Another condition allows termination based on masked 
comparison of transferred data. As byte data is trans- 
ferred, an 8-bit mask value selects which bits of the data 
are compared with corresponding bits of an 8-bit com- 
pare value. Termination can be specified to occur either 
when a match occurs or does not occur. Examples using 
this terminate condition are transferring data until an 
EOF character is detected (match) and transferring data 
while bit 7=1 (mismatch). A final terminate condition 


_ called single transfer allows a single byte or word to be 


transferred. 


Register Set 


The register set of the 8089 is presented in Figure 11. 
Each channel has its own set of registers, except for the 
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Figure 11. 8089 Register Set 


channel control pointer register (CP) which is shared by 
both channels. This register is 20 bits in size and is used 
to access the channel control block whenever a channel 
receives a channel attention signal. Each channel has a 
20-bit parameter pointer register (PP) which provides 
access to the parameter block. The common CP register 
is initialized during the 8089’s initialization sequence 
while the PP registers are initialized whenever a channel 
attention signal is received. Therefore, the CP and PP 
may be read during task program execution, but cannot 
be changed. 


Each channel has four 20-bit registers, each with an 
associated tag bit. The tag bit is used whenever the regis- 
ter is used as a pointer and indicates which address space 
(system or local) is accessed. If the tag bit is equal to 0, 
the 1 megabyte system address space is accessed using all 
20 bits of the register. However, if the tag bit is equal to 
1, the 64 kilobyte local address space is accessed using 
the lower 16 bits of the register. Instructions that initial- 
ize these registers either set or clear the tag bit. The load 
pointer instruction clears the tag bit, the move instruc- 
tion sets the tag bit, and the move pointer instruction 
which moves data from memory into the register’s 20 
bits and tag bit either sets or clears the tag bit based on 
the contents of the referenced memory location. 


The task pointer register (TP) is used as a task program 
counter. The remaining three 20-bit registers (GA, GB, 
and GC) are general-purpose registers. During task pro- 
gram execution, they may be used for data manipula- 
tion or as pointers. During DMA mode, the GA and GB 
registers point to source and destination devices and if 
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the translation option is specified, the GC register 
points to a 256-byte translation table. Two source/ 
destination register specifications are possible: (1) GA 
points to the source and GB to the destination and (2) 
GB points to the source and GA to the destination. 


Four 16-bit registers are also included in each channel’s 
register set. The index register (IX) may be used by task 
program ‘instructions to access memory and I/O 
devices. The address of the memory or I/O device is 
computed by adding the contents of IX with the con- 
tents of the specified pointer register. The byte count 
register (BC) can terminate DMA transfers. The mask/ 
compare register (MC) may be used to perform masked 
compare operations during task program execution or 
masked compare DMA terminations. The channel con- 
trol register (CC) specifies the details of DMA transfers 
(refer to The 8086 Family User’s Manual). Although 
these four 16-bit registers have special functions at 
times, they may also-be used as general-purpose regis- 
ters for data manipulation. Use of the CC register for 
general-purpose functions is not recommended when 


both channels are simultaneously used since the chain 


bit specifies channel priority. 


Instruction Set 


In addition to intelligent, high speed DMA transfers 
which make the 8089 well-suited for I/O processing, the 
set of 53 instructions is tailored for I/O operations 
rather than data processing. Task programs are pri- 
marily used to prepare for and initiate DMA transfers 
and to perform post-DMaA status checking. Included in 
the instruction set are data transfer, arithmetic, logical 
and bit manipulation, program transfer, and processor 
control instructions. 


Data transfer instructions move information between 
registers and memory or I/O devices. Movement of data 
between any two devices in either address space is easily 
accomplished with the MOV instruction. This includes 
memory to memory and I/O to I/O transfers. Arith- 
metic instructions such as add, increment, and decre- 
ment are provided for simple computations (e.g., 
pointer manipulation) required in I/O processing. The 


logical and bit manipulation instructions are especially | 


useful in the I/O environment to mask data and set or 
clear bits. 


Procedure calls and conditional and unconditional 
jumps are provided with the program transfer instruc- 
tions. Jump if masked compare equal or not equal and 
jump if bit true or false instructions are also included in 
this group. Finally, the processor control instructions 
perform test and set while locked operations (sema- 
phore access), define logical DMA bus widths, initiate 
DMA transfers, activate the SINTR interrupt output 
lines, and halt task program execution. 


Special Design Considerations 


Most interrupt signals received by the 8089 are used to 
synchronize DMA transfers and the 8089’s DMA re- 
quest (DRQ) inputs support these interrupts. The 8089 
also supports non-DMA related interrupt signals. 


Most non-DMA interrupts are used to synchronize 


channel program execution with some external event. 
Here channel program execution is suspended and the 
channel waits until the synchronizing signal is received 
before resuming task program execution. A disk control 
example is waiting for the INDEX signal before for- 
matting the track. 


A dummy DMA transfer can be used to implement this 


function. This is a synchronized, externally terminated — 


DMA transfer where no data is actually transferred. 
The DMA request (DRQ) signal is held inactive and the 


channel executes idle cycles while waiting for either 
~ DRQ or EXT (external terminate) signals. ; 


No bus cycles are executed by the channel during idle 
cycles. The channel’s EXT input is used to receive the 
synchronizing signal. When received, the dummy DMA 
transfer is terminated and channel program execution 
resumes. The dummy DMA transfer can also be viewed 
as the iAPX 86/10’s WAIT instruction. . 


This concept can also be applied when two channels are 


operating. For example, one channel may be waiting for 
a synchronizing signal while the other channel is oper- 
ating. Here the second channel can execute at full speed 
since the first channel is executing idle cycles. | : 


One application of this two channel approach is to per- 
form two independent DMA transfers in rapid succes- 


sion. After the first DMA transfer, conditions are tested © 
to determine if the second DMA transfer is performed. — 


One channel (e.g., channel 1) initializes its registers for 
the second DMA transfer and executes a dummy DMA 
transfer. Next, the other channel (e.g., channel 2) ini- 
tializes its registers for the first DMA transfer. Channel 
2 performs the first DMA transfer, activates channel 1’s 
EXT input, and halts. Channel 1 resumes task program 


execution and determines whether conditions permit the | 


second DMA transfer. If the proper conditions are pre- 
sent, the DMA transfer is performed. The two DMA 
transfers are performed in rapid succession because 
both channels initialized their registers before either 
DMA transfer was performed. A single channel im- 
plementation must re-initialize its registers after the first 
DMA transfer before performing the second DMA 
transfer. Therefore, the time between successive DMA 
transfers is increased. 


In the example above, channel 1 performs two DMA 
transfers—a dummy DMA transfer and then the second 
DMA transfer. Registers are initialized for the second 
DMA transfer before the dummy DMA transfer is per- 
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formed. Therefore, all DMA register changes resulting 
from the dummy DMA transfer must be accounted for 
when initializing the registers. Synchronized DMA 
transfers between I/O and memory update the byte 
count register (BC) and the memory pointer register 
(GA or GB). During each two cycle transfer, BC is 
decremented during the data fetch bus cycle and GA or 
GB is incremented during the data store bus cycle. Since 
the dummy DMA transfer never stores the data (DRQ 


- remains inactive), the memory pointer is never incre- 


mented. However, BC may or may not be decremented 
depending on whether source or destination synchro- 
nization is selected. If source synchronization is 
selected, BC is not decremented because the data is not 
fetched. However, since the data is prefetched during 
destination synchronized DMA transfers, BC is 
decremented. This means that BC must be adjusted only 
when a destination synchronized DMA transfer follows 
the dummy DMA transfer. Here BC must be loaded 
with the actual number of data bytes to be transferred 
plus one for byte transfers or plus two for word trans- 
fers. A byte transfer is defined as the fetching and stor- 
ing of a single byte. All other cases are considered word 
transfers since the net result is that 16 bits of data are 
transferred during the two or more bus cycles. 


lil. SHUGART SA4008 DRIVE 


The Shugart Associates SA4008 disk drive is typical of 
Winchester drives now being used in microcomputer 
systems. The unformatted drive capacity is 29 mega- 
bytes. Typical of high performance drives, the transfer 
rate is 889 kilobytes/second and the average seek time is 
65 milliseconds. A summary of the drive’s performance 
and functional specifications is included in Appendix A. 


Drive Organization 


The Shugart SA4008 drive has two 14-inch disk platters. 
The top and bottom surfaces of these two platters pro- 
_vide four recording surfaces. Each recording surface 
contains 404 concentric circular data paths called 
tracks., The tracks on each surface are accessed by two 
read/write heads which move along the radial distance 
of the circular platter (Fig. 12). The two heads are rigid- 
ly connected and move in unison. One read/write head 
travels from the outermost track of the surface to the 
midway point between the outermost and innermost 
tracks. The other head travels from the midway point to 
the innermost track. Each of the four surfaces has two 


read/write heads (eight total heads). The drive’s head — 


positioning mechanism moves all eight heads in unison 
onto 202 discrete positions called cylinders (numbered 0 
through 201). The head mechanism is positioned at 
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Figure 12. SA4008 Drive with Two Heads Per Surface 


cylinder 0 when the outermost track is accessed and at 
cylinder 201 when the innermost track is accessed. At 
each cylinder position, eight unique data tracks are 
accessible, one by each head. By activating the elec- 
tronics of one read/write head, a single data track is ac- 
cessed. With 8 heads and 202 cylinders, the SA4008 has 
a total of 1,616 tracks. 


Sector Format 


Data is recorded on sections of the track called sectors. 
The number of sectors per track is a function of the con- 
troller design. The SA4008 allows any number of sectors 
per track. This design organizes each track into 30 sec- 
tors (Fig. 13). The 600 bytes of each sector is divided 
into an ID field, data field and gaps. The ID field is a 
unique identifier or address used to locate a particular 
data record. The data field contains the 512 byte data 
record that is read or written by the host processor. 
Gaps containing no usable information are inserted 
before and after the ID and data fields to allow the drive 
and controller electronics time for synchronization and 
switching between read and write modes. 


Assignment of sequential records to sectors is inter- 
leaved using an interleave code of 3 such that logical sec- 
tors are three physical sectors apart (Fig. 14). Since a 
data record is buffered in local memory, this interleave 
scheme allows two sector times to transfer the data 
record to or from system memory. This allows the disk 
controller to operate at lower system bus priority and 
provides enough time to transfer the data record be- 
tween the local buffer and system buffer. When the 
8089 has complete use of the system bus, a 512 byte data 
record can be transferred in 564 psec which is 84% of 
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Disk Drive Interface Signals 


The interface signals (Fig. 15) between the SA4008 drive 
and the controller are now described. The input control 
signals are first described, followed by the output con- 
trol signals, and finally the data transfer signals. 


The input control signals to the drive are DRIVE 
SELECT, DIRECTION SELECT, STEP, HEAD 
SELECT, FAULT CLEAR, WRITE GATE, and 
READ GATE. Four drive select signals, DRIVE 
SELECT 1 to 4, allow selection of one drive in a multi- 
ple drive configuration of up to four drives. A jumper is 
used to select one of the DRIVE SELECT signals and 
allows the drive to respond to only one DRIVE 
SELECT signal. The DRIVE SELECT 4/SEEK COM- 
PLETE line can be jumper selected as the DRIVE 
SELECT 4 signal or SEEK COMPLETE signal (see 
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Figure 15. SA4008 Interface Signals 
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description below). The DIRECTION SELECT and 
STEP signals are used to position the read/write heads. 
DIRECTION SELECT defines an inward or outward 
movement while the STEP line is pulsed. Each pulse 
moves the heads one cylinder position. Four head select 
signals, HEAD SELECT 1, 2, 4 and 8, are used to select 
one of the SA4008’s eight read/write heads. Four 
signals are provided to allow eight optional fixed heads 
to be selected. The FAULT CLEAR signal is used to 
reset a write fault condition. The WRITE GATE signal 
enables data to be written on the selected data track, 
while the READ GATE enables reading from the track. 


The output control signals from the drive are TRACK 
00, INDEX, READY, WRITE FAULT, SEEK COM- 
PLETE, and BYTE CLOCK/SECTOR. The TRACK 
00 signal is activated when the read/write heads are 
positioned at track 0 (cylinder 0). The INDEX signal is 
pulsed once each revolution (20.2 msec) indicating. the 
beginning of the data track. The READY signal in- 
dicates that the drive is ready to position the read/write 
heads, read data, or write data. The WRITE FAULT 
signal indicates that a condition which caused improper 
writing on the disk occurred. The SEEK COMPLETE 
signal is available in a single drive configuration and in- 
dicates when the read/write heads have arrived at the 
desired cylinder during a seek operation. The DRIVE 
SELECT 4/SEEK COMPLETE line can be jumper 
selected as the DRIVE SELECT 4 signal (multiple drive 
configuration) or SEEK COMPLETE (signal drive con- 
figuration). The SEEK COMPLETE signal is selected 
with the controller described in this application note. 
The BYTE CLOCK/SECTOR line is another jumper 
selectable signal. It can be configured as the BYTE 
CLOCK signal (1.12 usec period) or as the SECTOR 
signal. The number of SECTOR pulses per revolution is 
jumper programmable. The controller described here 
requires selection of the SECTOR signal and 30 sector 
pulses per revolution. 


The SA4008 provides four data transfer signals: 
WRITE DATA, WRITE CLOCK, READ DATA and 
PLO (Phase Locked Oscillator) CLOCK. All of these 
are differential signals. The WRITE DATA and 
WRITE CLOCK signals are received by the drive and 
used to write data on the track. The WRITE DATA 
signal provides the data while the WRITE CLOCK 
signal is used to sample the data. The READ DATA and 
PLO CLOCK signals are transmitted by the drive and 
used to read data from the track. The READ DATA 
signal provides the data while the PLO CLOCK signal is 
used to sample the data. Both the WRITE DATA and 
READ DATA signals are in the non-return to zero 
(NRZ) format. 


A detailed description and timing of the interface 
signals can be obtained from the Shugart Associates 
manuals referenced in the introduction. 
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Functional Operations 


The SA4008 provides three functional operations: track 


accessing, write data, and read data. These operations 
are initiated and controlled by certain interface signals. 


Track accessing (seeking from one track to another) is 
accomplished by activating the DRIVE SELECT line 
and deactivating the WRITE GATE line. Inward or out- 
ward movement is selected by activating or deactivating, 
respectively, the DIRECTION SELECT line. The STEP 
line is pulsed once for each track that the read/write 
heads are moved. 


Writing data to the SA4008 is initiated by activating the 
DRIVE SELECT line, selecting the desired read/write 
head by activating the HEAD SELECT lines, and pro- 
viding a clock signal on the WRITE CLOCK line. The 
WRITE GATE line is then activated and the data to be 
written is transmitted on the WRITE DATA line. The 
WRITE GATE line is deactivated to terminate writing. 


Reading data from the SA4008 is initiated by activating 
the DRIVE SELECT line and selecting the desired 
read/write head by activating the HEAD SELECT 
lines. The READ GATE line is then activated and the 
data is read on the READ DATA line using the PLO 
CLOCK signal to sample the data. The READ GATE 
line is deactivated to terminate reading. 


IV. DISK CONTROLLER OPERATIONS 


By using an 8089, the disk controller becomes an intelli- 
gent interface between the host processor and the disk 
drive. The host issues a single high level command for 
the desired operation and the 8089 implements the 
operation through task program control. 


The 8089-based disk controller described in this applica- 
tion note implements four basic disk control operations: 
seek track, format track, write data record, and read 
data record. The previous section described the three 
functional operations of the SA4008 drive: track access- 
ing, write data, and read data. The controller uses these 
three drive operations to implement the four high level 
operations. An overview of the four operations is now 
presented. This serves as an introduction to the disk 
controller before hardware and software details are 
described. 


Seek Track 


~The seek track operation is implemented primarily 
through task program control with minimal use of 
special hardware. Based on the cylinder which is pres- 
ently accessed by the read/write head ‘mechanism, the 
task program determines which direction (inward or 
outward) the head mechanism must be moved. The 
number of cylinder positions that the heads must be 


z 


moved is also determined. The task program writes data 
to an octal latch which transmits the DIRECTION 
SELECT and STEP signals to the SA4008 drive. By 
writing the proper data sequence to the octal latch, 
DIRECTION SELECT is asserted and STEP is pulsed 
the required number of times. Finally the task program 
asserts the drive’s head select (HEAD SELECT 1, 2, 4 
and 8) signals to access the desired track. 


Format Track 


The format track, write data record, and read data 
record operations are implemented by a task program 


. which controls special hardware. Details of the special 


hardware are described in the next section. 


The timing overview of the format track operation is’ 
presented in Figure 16. The INDEX, SECTOR and 
READ DATA signals from the drive and the WRITE 
GATE, WRITE DATA, and READ GATE signals to 
the drive are shown. 8089 channel activity is also shown. 
The READ GATE and READ DATA signals remain in- 
active during the format track operation. 


Channel | begins the format track operation by initializ- 
ing the registers for the DMA transfer which writes sec- 
tor 0’s ID data on the track. Serial/parallel conversion 
hardware is used to convert the 8089’s parallel data to 
serial so that it can be received by the drive. The hard- 
ware is initialized with zeros so that when the WRITE 
GATE is activated, zeros are written on the track. Next 
a dummy DMA transfer is used to wait for the INDEX 
pulse which indicates the beginning of the track. 


When the INDEX pulse is received, channel 1 resumes 
execution. The INDEX pulse also activates the WRITE 
GATE signal to the drive and zeros are written on the 
track. Timing hardware which was started by the SEC- 
TOR pulse determines when to stop writing zeros and 
begin the write ID field DMA transfer. A synch 
character is written on the track before the ID field and 
CRC word after the ID field. After the ID data for sec- 
tor 0 has been written on the track, the hardware 
resumes writing zeros. 


Channel | next initializes the DMA registers for writing 
ID data to the next sector. A dummy DMA transfer is 
started to wait for the SECTOR pulse. Channel 1 now 
idles while it waits for the SECTOR pulse. Note that 
zeros continue to be written on the track between ID 
data. 


ID data for the remaining 29 sectors is written on the 
track identically to the first sector. After ID data is writ- 
ten for the last sector, channel 1 deactivates the WRITE 
GATE signal. WRITE GATE deactivation is delayed so 
that zeros are written into the data field. This ensures 
that after a data record has been written (in the last sec- 
tor), the required zeros are present before and after the 
data field. 
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Figure 16. Format Track Timing Overview 


Write Data Record 


The data transfer operations (write data record and read 
data record) are implemented with both 8089 channels 
(Fig. 17). Channel 2 searches for the desired sector by 
comparing the ID field information read from the track 
_ with the desired ID field information. The comparison ivarsrene Fou 

is performed by a hardware comparator. One input of | Bane Perea a's 
the comparator accepts ID information read from the 


track while the other input accepts the desired ID infor- 


mation transferred from channel 2 using DMA 
transfers. Upon locating the desired sector, channel 1 COMPARE ID —e 
transfers the data record to or from the track using 


CHANNEL 1 


DMaA transfers. Both channels perform DMA transfers 
using the technique described earlier which allows two 
DMA transfers in rapid succession. 


Higher data capacity is achieved with this two channel 


CHANNEL 1 
approach than with a single channel approach. With 
Poo TRANSFER DATA 
two channels, all DMA registers are initialized before aehan taitanin 
either DMA transfer is started. No register re- . DISK DRIVE 


initialization is required betwen the DMA transfers for 
the two channel approach. To allow for register re- 
initialization between DMA transfers in the single chan- 
nel approach, a larger gap between the ID and data 
fields is required. This results in lower data capacity per 
track and therefore lower data capacity per drive. Figure 17. Sector Search and Data Transfer 
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The write data record operation begins with channel 1 
initializing DMA registers used to transfer the data 
record to the track (Fig. 17) and starting a dummy DMA 
transfer. Next channel 2 initializes its DMA registers 


used to transfer the desired ID information to the hard- 


ware comparator. Channel 2 waits for a SECTOR pulse 


with a dummy DMA transfer. When the SECTOR pulse | 


is detected, channel 2 performs the ‘‘compare’’ DMA 
transfer, activates channel 1’s EXT input and halts. 


Activation of EXT terminates channel 1’s dummy DMA 
transfer and resumes task program execution. The hard- 
ware comparator is tested to determine if the desired 


sector is found (i.e., the compare is successful). If not 


found, the ID field comparison is repeated for the sub- 
sequent sector. If the desired sector is found, the data 
record is written in the data field which follows the ID 
field. 


The timing overview of Figure 18 shows the sector ac- 


tivity when the desired sector is found. Channel 2’s 
dummy DMA transfer is terminated by the SECTOR 
pulse and the READ GATE signal is activated. This 


o 


READ DATA 


activity is the same for all sectors. 


WRITE GATE Popat gn = 7 TA 

WRITE DATA : Jao [sync worn q-—-] woro | CRC 

READ GATE | o5 3 | 
rece rR AN 


ware that searches for a synch chatane: @ Y 
detected, channel 2’s DMA transfer moves the des 
ID information to the hardware conten shy on 


1’s EXT input sid halts. Channel 2's ‘lb ; 


Channel | resumes execution, tests the cca @ ~ r E. 
parator, and deactivates the READ GATE si i 


record and an CRC Word follows the Tae re ee 
Finally channel | deactivates the WRITE GATE ae 
and halts. pie eee 


SECTOR f] ; Oh: aot 


4 


| Read Data Redprd | e searches for the synch. character. The READ GATE 

=i signal is momentarily deactivated so that the disk drive 
: e read data record operation is similar to the write does not read where the WRITE GATE has been ac- 
fe: de record operation. The sector search activity is iden- tivated (during a previous write data record operation). 


ee ay. tical. Only channel D s activity after locating the desired This ensures that the drive’s data separator decodes data 


: “sector i A different. properly. When the synch character is detected, channel 


eH | The timing overview of Figure 19 shows that when chan- 1’s DMA transfer reads the data recor d from the track. 


fre 


1 1 resumes execution the hardware comparator is Finally, channel 1 checks for a CRC error, deactivates 
a “tested and the READ GATE signal is deactivated. Next the READ GATE signal, and halts. 
5 pene s GATE is again activated and the hardware 
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V. HARDWARE DESIGN 


The controller was designed to be compatible with: 


Multibus, an industry-standard multiprocessor system 
bus. It was constructed on an iSBC 905 Universal Pro- 
totype board using wirewrap interconnections. Seventy- 
five IC packages reside on this 6-3/4 by 12 inch board. 
The development environment consisted of the con- 
troller board, an iSBC 86/12A single board computer 
(based on the iAPX 86/10) which served as the host pro- 
cessor, and an iSBC 604 cardcage which provided a 
Multibus interconnect between the two boards. Other 
development tools used were an ICE-86 in-circuit emu- 
lator and the RBF-89 real-time breakpoint facility. 


A block diagram of the disk controller is shown in | 


Figure 20. The hardware is divided into four major sec- 
tions—I/O processor, Multibus interface, timing and 
control, and data transfer. The 8089 I/O processor 
along with the timing and control circuitry supervise all 
disk control operations. The 8089’s interface to the tim- 
ing and control circuitry is through control and status 
registers which are part of the timing and control 
section. 


/O Processor 


The I/O processor section (Figure 21) consists of the 
8089, support circuitry, local bus interface, and local 
memory. Support circuitry includes the 8284A clock 
generator and the 8288 bus controller. The clock 
generator is configured in asynchronous mode since 
ready signals are generated asynchronously with respect 
to the 8089’s clock signal. The 8089’s local bus read 
signal, IORD, is generated from the bus controller’s 
‘ IORC and INTA commands since INTA is activated 
whenever the 8089 fetches instructions from its local 
bus. Both bus controller I/O write commands, advanc- 
ed (AIOWC) and normal (IOWC), are used. The ad- 
vanced command is used to write to all local devices ex- 
cept the two 8282 control ports. The normal command 
is used when writing to these control ports to prevent 
glitching of the 8282’s output signals. This command 
prevents glitches since its timing guarantees that the 
write data is valid before the command’s leading edge. 


The channel attention (CA) signal is generated by 
decoding Multibus I/O writes to ports 0 and 1 allowing 
the host processor to start channel | and 2, respectively. 
A CA signal for channel 2 is also generated when the 
8089 accesses local bus port 4070H allowing channel 1 
to start channel 2. 


The local bus interface is implemented with two 8282 
octal latches and two 8286 octal transceivers. Two 8205 
one-of-eight decoders provide the local bus address 
decoding for memory and I/O devices. Two 2716-1 
EPROM components provide 4K bytes of program 
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storage addressable from 2000H to 2FFFH. If more © 
program storage is required, the 2716-ls can be replaced — 


with 2732As or 2764s to provide 8K or 16K bytes, 
respectively, of program memory. 4K bytes of 
read/write memory for storing program variables and 
buffering disk sector data are provided with four 2142-3 
static RAM components addressable from 0 to 7FFH. 


Multibus™ Interface 


The Multibus interface (Fig. 21) is implemented with 
three 8283 octal latches, three 8287 octal transceivers, 
8289 bus arbiter, and byte swap circuitry. The 8089 has 
access to the full 1 megabyte Multibus memory address 
space since all 20 address signals are latched with the 


three address latches. Memory read and write com- — 


mands (MRDC and AMW(C) from the 8288 bus control- 
ler are used to access shared system memory. The 8289 


bus arbiter provides the system bus access functions for - 
the 8089. The iSBC 604 cardcage is configured for serial ~ 


priority resolution with the iSBC 86/12A having pri- 
ority over the disk controller board. The priorities can 
be changed by simply swapping the cardcage slot loca- 
tions of the two boards. 


The 8089’s LOCK output is connected to the bus ar- 
biter’s LOCK input. While LOCK is active, the bus ar- 


biter will not relinquish the shared system bus to 
another processor regardless of its priority. A channel | 
activates the LOCK output when a test and set while 


locked instruction, TSL, is executed (semaphore 


access). A channel may also activate LOCK for the en- © 


tire duration of a DMA transfer by setting the LOCK bit 
in.its channel control register (CC). This ensures that 
once the system bus is acquired, the DMA transfer is 
completed as quickly as possible. 


Three data transceivers and associated byte swap cir- 
cuitry provide 8- and 16-bit Multibus compatibility. 
Since Multibus convention states that all 8-bit transfers 
must occur. on the lower half of the 16-bit data bus 
(DATO to DAT7), all 8089 designs which access 
Multibus must provide byte swap circuitry. Even though 
the system bus is defined as 16 bits wide during the ini- 
tialization of the 8089, the 8089 may perform byte 
references to odd-addressed memory locations. This 
results in the high byte of a 16-bit word being trans- 
ferred over the lower half of the data bus. 


Timing and Control 


The timing and control section (Fig. 22) receives signals 
from the 8089 and disk drive to control all disk opera- 
tions. The interface with the 8089 is via two 8-bit control 
ports and one 8-bit status port. Control ports 1 and 2 
are implemented with 8282 latches and have addresses 
4010H and 4021H, respectively. The two control ports 
are the primary interface from the software to the hard- 
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Figure 21. 1/O Processor and Multibus Interface 
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ware and allow the 8089’s task program to control all 
disk drive activity. The status port is implemented with 
an 8286 transceiver, has 4030H as an address and allows 
the task program to monitor drive activity. The 8288 
bus controller’s normal I/O write command is used to 
write to the control ports. This prevents the outputs 
from glitching, which can occur if the advanced I/O 
write command is used. 


Output signals from control port 1 are used to control 
the special hardware. The FORMAT signal is active 
when formatting a track. The READ signal is active 
when reading an ID or data field. The WRITE signal is 
active when writing an ID or data field. The 
CHAN1/CHAN2 signal enables generation of the pro- 
per DMA request (DRQ) signal. The ENB_XCVR 
signal enables transceivers when reading or writing sec- 
tor data or disables them when comparing an ID field. 
The SEL__INDEX< signal selects the drive’s INDEX or 
SECTOR pulse for terminating dummy DMA transfers. 


Output signals from control port 2 are transmitted 
to the disk drive. The head select (HEAD1, HEAD2, 
HEAD4, and HEAD8), drive select (DRIVE1), seek 
track (DIRECTION and -. STEP), ‘and 
FAULT__CLEAR signals are generated by control port 
pA 3 


The status port receives signals from the special hard- 
ware and the disk drive. From the special hardware 
are COMPARE__STATUS and CRC__ERROR which 
indicate the status’ of the ID field compare and data 
read, respectively. The SEEK._COMPLETE, 
DISK__READY, TRACKO0, and WRITE_FAULT 
signals are from the SA4008. 


The interface with the disk drive involves both digi- 
tal and analog signals. All control signals are digital 
while the ,READ__DATA, WRITE__DATA, 
PLO__CLOCK, and WRITE__CLOCK are differential 
signals. Control signals from the drive are resistor ter- 
minated and conditioned with 7414 schmitt-trigger in- 
verters. The control signals to the drive are driven with 
7406 open-collector inverting drivers. The 
READ__DATA and PLO__CLOCK inputs are received 
with a 75115 dual differential receiver while the 
WRITE__DATA and WRITE__CLOCK outputs are 
driven with a 75114 dual differential driver. — 


A 16-bit ring counter is used to provide bit resolution 
timing. Only one of the sixteen outputs is active at any 
time. As 16-bit words are being serially received from or 
transmitted to the drive, the active ring counter output 
corresponds to a bit received or transmitted. When data 
is received from the drive, output 0 (BRO) corresponds 
to bit 0 of the received word, BR7 to bit 7, and BR15 to 
bit 15. When data is transmitted to the drive, BR8 cor- 
responds to bit 0 of the transmitted word, BR1S5 to bit 7, 


; 


and BR7 to bit 15. The different relationships between 
received and transmitted words are a result of simplified 
ready circuitry (to be discussed later). 


The ring counter is implemented with a 74193 binary 
up/down counter and a 74154 four-to-sixteen decoder. 
The drive’s PLO clock is used as the count input signal. 
The ring counter is reset whenever a SECTOR pulse or a 
synch character is detected allowing BRO to be activated 
on the next count. A ring counter provides a great deal 
of design flexibility. Disk control actions can be fine 
tuned with the availability of 16 outputs. Some of these 
key actions are reading from and writing to the serial/ 
parallel conversion circuitry, generating ready and 
DMA request signals, and transmitting and checking 
CRC words. 


An 8254 programmable interval timer provides timing 
delays. The 8254 must be used, rather than an 8253, due 
to the short output pulse widths (approximately 140 
nsec) of the ring counter. The 8254 has three inde- 
pendent 16-bit counters which are initialized by the soft- 
ware to operate in the hardware triggered strobe mode 
(mode 5). Each counter accepts CLK and GATE inputs 
and provides a single OUT output. Each counter’s 
count register is initialized with a count value and when 
the GATE input is activated, the count register is decre- 
mented with each CLK pulse received. When the count 
register is decremented to zero, a pulse is generated on 
the OUT output. 


The three 8254 output signals are designated CNTRO, 
CNTRI, and CNTR2 and are associated with their 
respective counter. Details of the time delays are dis- 
cussed later. In general, CNTRO signals the start of an 
ID field during the format track operation or the start 
of a data field during the write data record operation. 
CNTRI signals the end of the DMA transfer when the 
format track operation writes the ID field, when the 
write data record operation writes the data field, or 
when the read data record operation reads the data 
field. During both the read or write data record opera- 
tions, CNTR2 signals the end of the DMA transfer used 
to compare the ID field (sector search). 


When the 8254’s counter O times out, the 
CNTRO_DETECT flip-flop is set. The 
CNTRO__DETECT signal enables the 8089’s DMA 
transfer (write ID field or data field) and is reset by 
channel 1’s task program at the completion of the 
transfer. , 


A synch character (OFH for ID field and ODH for data 
field) must be detected to begin comparing an ID field 
or reading a data field. Only a single AND gate is re- 
quired to detect the synch character since the 
DRIVE_.READ__GATE signal is activated when the 
read/write heads are over a gap written with zeros. 
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Upon detection, the SYNCH__DETECT flip-flop is set. 
The SYNCH__DETECT signal enables the 8089’s DMA 
transfer (write desired ID information or read data 
field) and is reset by channel 1’s task program at the 
completion of the transfer. 


When an I/O device’s transfer rate approaches the 
8089’s maximum transfer rate (1.25 megabytes/sec), the 
DMA request (DRQ) input cannot be used to synchro- 
nize each byte or word transferred due to the 1.2 psec 
maximum (at 5 MHz) latency of this input. The disk 
controller uses the 8089’s ready signal (and wait states) 
to synchronize the SA4008’s 889 kilobyte/sec transfer 
rate with the 8089’s transfer rate. The DRQ inputs are 
used to enable DMA transfers while the ready signal is 
used to synchronize individual word transfers. Channel 
1’s DMA request signal, DRQI, is activated when 
CNTRO__DETECT becomes valid (write ID field or 
data field) or 8 bit times after SYNCH _-DETECT 
becomes valid (read data field). The 8-bit delay time 
allows the first word to be converted from serial to 
parallel before the 8089’s DMA transfer begin. Channel 
2’s DMA request signal, DRQ2, is also activated 8 bit 
times after SYNCH__DETECT becomes valid (write 
desired ID information). DRQ1 and DRQ2 are deacti- 
vated by the task program upon completion of the 
DMA transfer. 


The 8284A clock generator synchronizes ready signals 
from two buses. RDY1 is the ready signal from the 
Multibus and RDY2 is the ready signal from: the local 
bus. Both ready inputs are normally inactive. When ac- 
cessing memory or I/O devices, one ready input is acti- 
vated to complete the bus transfer cycle. Depending on 
when the ready input is activated, wait states may or 
may not be inserted. In the disk controller, the 8089 may 
require wait states only when accessing the 16-bit disk 
data port. Wait states are not required when accessing 
other I/O devices or memory devices on the local bus. 
For these devices requiring no wait states, RDY2 is gen- 
erated by the I/O read or write command. 


Accessing the disk data port may require wait states to 
synchronize 8089 transfers with the drive. For this case, 
BRO is used to set a flip-flop. The flip-flop’s output 
enables RDY2 generation by the I/O read or write com- 
mand. This ensures that previous data has been trans- 
ferred to or from the serial/parallel converter before 
writing to the output buffer or reading the input buffer, 
respectively. Using only BRO involved changing the rela- 
tionships between ring counter outputs and actual data 
bits transmitted to the drive. A transmitted bit 0 cor- 
responds to BR8 while a received bit 0 corresponds to 
BRO. This is required since a transmitted word must be 
preloaded into the output buffer (at data bit 8 time) 
before being transferred to the serial/parallel converter 
(to prevent underrun errors). On the other hand, a 


} 


received word must be transferred from the seriai/ 
parallel converter to the input buffer before being read 
(at data bit 0 time). The input and output buffers are 
described later. 


The external DMA termination signals, EXT1 and 
EXT2, are used to terminate dummy DMA transfers. 


EXT1 is generated whenever the 8254’s counter 2 times _ 


out (signifying the end of ID field comparison) or when- 
ever the drive’s SECTOR or INDEX pulse is detected. 
The SEL__INDEX signal which is controlled by the task 
program selects which pulse generates EXT1 (0 for 
SECTOR and 1 for INDEX). This allows the SECTOR 
or INDEX pulse to terminate the dummy DMA 
transfer. EXT2 is also generated by either the SECTOR 
or INDEX pulse, qualified with SEL_INDEX. 


Data Transfer 


The data transfer section (Fig. 23) provides serial/ : 


parallel conversion, ID field comparison, and CRC 
generation and checking functions. Serial/parallel con- 
version is performed with a 16-bit shift register imple- 
mented with two 748299 8-bit shift registers. Data read 
from the drive is converted from serial to parallel while 
data written to the drive is converted from parallel to 
serial. 


A double buffered technique is used here. A 16-bit input 
buffer receives read data from the shift register and a 
16-bit output buffer transmits write data to the shift 
register. Each buffer is implemented with a pair of 8282 
octal latches. Two 8286 octal transceivers provide the 
interface between the local data bus and the input and 
output buffers. These transceivers are enabled when 


writing an ID field or a data field or when reading adata — 


field. They are disabled during the ID field comparison. 


The 16-bit comparator is implemented with four 74LS85 
4-bit comparators and one 4-input NAND gate. During 
the ID field comparison, the transceivers are disabled 
allowing the input buffer which contains the ID infor- 
mation read from the disk to drive one input of the 
16-bit comparator while the ID information written by 
the 8089 drives the other input. The comparator output 
is sampled during each 16-bit comparison. The first mis- 
match is latched (until reset) for channel 1’s task pro- 
gram to examine later. This permits the length of the ID 
field to be any multiple of words. 


The input buffer, output buffer, and comparator are 
all accessed via port 4000H. The CRC circuitry uses a 
9401 CRC generator/checker strapped to use the CRC- 
CCITT polynomial, X!©+X!2+X>+.1. Immediately 
after reading the CRC word, the 9401’s error output is 
latched allowing channel 1’s task program to examine 
the CRC error status later. 
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Vil. HARDWARE OPERATION 


_ Now that an overview of the four disk control opera- 
tions and the details of the hardware components have 
been presented, the detailed disk control operations will 
be discussed. The interaction of hardware components, 
the relative timing of signals, and the data flow are 
described for the format track, write data record, and 
read data record operations. The seek track operation is 
primarily implemented with software. The channel 1 
and 2 task programs are discussed in the section on soft- 
ware operation. This discussion is focused on how the 
hardware operates. While reading the detailed descrip- 
tion, it may be helpful to refer to the hardware 
schematics (Figs. 21, 22, and 23). 


Format Track 


The format track operation is preceded by a seek track 
operation where the proper cylinder is accessed and the 
proper head is selected. Upon detecting the INDEX 
pulse, the format track operation writes the ID data for 
30 sectors and writes zeros everywhere else including the 
data field areas. Channel | controls the entire operation 
without assistance from channel 2. 


The overall timing of the format operation is shown in 
Figure 24. The INDEX and SECTOR signals from the 
drive and the WRITE__GATE signal to the drive are 
shown. Also presented are the signals controlled by 
channel 1’s task program—FORMAT, WRITE, 
CHANI/CHAN2, and ENB__XCVR. In addition, the 
activity of the 8254’s counters is shown. 


Channel | begins the format track operation by initial- 
izing the 8254 counters and its DMA registers used to 
transfer the ID data to the drive. The FORMAT signal 
is activated and a dummy DMA transfer is started to 
wait for the INDEX pulse. When the INDEX pulse is 
detected (Fig. 24), the hardware activates the 
WRITE__GATE signal and zeros are written on the 
track. A SECTOR pulse which coincides with the IN- 
DEX pulse starts counter 0. Counter 0 provides the time 
delay from the SECTOR pulse to the start of the ID 
field and indicates when to start writing the ID data. 
This provides the proper-sized gap between the SEC- 
TOR pulse and ID field. 


Detection of the INDEX pulse also resumes channel 1’s 
program execution and the WRITE, CHAN1/CHAN2, 


and ENB__XCVR signals are activated (Figs. 24 and 
25). Next the destination synchronized DMA transfer is 
started, the synch character word is prefetched from 
memory, and channel | waits for DMA request. 


When counter 0 times out, the CNTRO__DETECT flip- 
flop is set (Fig. 25). CNTRO__DETECT is transmitted 
to the 8089’s DMA request input, DRQ1. This starts the 
8089 bus cycle which writes the synch character to the 
output buffer. CNTRO__DETECT is also transmitted 
to counter 1’s gate input, GATE1, which allows counter 
1 to start counting BR3 ring counter pulses. Counter 1 
provides the time delay from the start to the end of the 
ID field and indicates when to append a CRC word. 


The WRO signal is activated when the 8089 writes to the 
output buffer or the hardware comparator and is used 
by the ready circuitry to generate RDY2A. RDY2A is 
activated by BRO or WRO, whichever occurs last. This 


ensures that previous data has been transferred from the 


output buffer to the shift register before writing new 
data to the output buffer. When RDY2A is activated, 
the write bus cycle completes and the synch character is 
latched in the output buffer with the rising edge of 
WRO. The synch character is next loaded into the shift 
register with BR7 and written to the drive. 


The DMA activity repeats until four words have been 
transferred—synch character, first ID word, second ID 
word, and zero word. As the zero word is being written, 
counter 1 times out after counting four BR3 pulses. The 
TRANSMIT__CRC flip-flop latches CNTR1 with BR8 
and remains active for one word time. The active 
TRANSMIT__CRC signal allows a CRC word to be 
serially transmitted to the drive from the 9401 CRC 


‘generator/checker. When TRANSMIT__CRC goes in- 


active, zeros are shifted out of the shift register to the 
drive. Zeros are written on the track until the next ID 
field since WRITE__GATE is held active until all 30 ID 
fields have been written. 


After the four word DMA transfer, channel | initializes 
DMA registers in preparation for writing the next sec- 
tor’s ID data and starts a dummy DMA transfer to wait 
for the next SECTOR pulse. The same procedure is re- 
peated until ID data has been written for all 30 sectors. 
The format track operation concludes with channel 1 
deactivating FORMAT, WRITE, CHANI/ CHAN2, 
and ENB__XCVR. The FORMAT signal deactivates 
WRITE__GATE which stops writing zeros to the drive. 
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Figure 25. Write ID Field 
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Write Data Record 


The write data record operation consists of two 
phases—sector search and write data field. Channel 1’s 
task program supervises this operation with assistance 
from channel 2. The sector search phase begins with the 
first complete sector that passes under the read/write 
heads and ends either when the desired sector is located 
or when all 30 sectors on the track have been compared 
without a match. If no match occurs, channel | aborts 
the operation and reports the error to the host pro- 
cessor. Upon locating the desired sector, the write data 
field phase begins. Two types of DMA transfers are per- 
formed during the write data record operation—channel 
2 transfers the desired ID field information to the 16-bit 
comparator and channel | transfers the data record to 
the drive. 


The overall timing of the write record operation is 
shown in Figure 26. The drive signals (SECTOR, 
READ__GATE, and WRITE__GATE), signals con- 
trolled by 8089 task programs (READ, WRITE, 
CHANI/CHAN2, and ENB__XCVR), and activity of 
the 8254 counters are displayed. 


Channel | begins the write data record operation by ini- 
tializing the 8254 counters and its DMA registers used to 
transfer the data record to the drive. Next channel 1 
starts channel 2, initiates a dummy DMA transfer, and 
executes idle cycles. Channel 2 begins execution and ini- 
tializes its DMA registers used to transfer the desired ID 
data to the 16-bit comparator. Next channel 2 starts a 
dummy DMA transfer to wait for a SECTOR pulse. 


When the SECTOR pulse is detected (Fig. 26), channel 2 
activates the READ signal. The destination synchro- 
nized DMA transfer is started, ID word 1 is prefetched 
from memory, and channel 2 waits for DMA request. 
The READ signal activates the drive’s READ__GATE 
- signal and the synch character detection circuitry reads 
data from the track. When the synch character is 
detected, the SYNCH__DETECT flip-flop is set (Fig. 
27). The SYNCH__DETECT signal is used to start 
counters 0 and 2 (Figs. 26 and 27). Counter 2 provides 
the time delay from the start to the end of the ID field 
and indicates when to check for CRC errors. Counter 0 
provides the time delay from the start of the ID field to 
the start of the data field and indicates when to start 
writing the data field. This provides the proper-sized 
gap between the ID and data fields. 


SYNCH__DETECT also allows the DMA request 
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signal, DRQ2, to be activated with BR7. This starts the 
8089 bus cycle which writes ID word 1 to one input of 
the 16-bit comparator. BR14 is used to generate the 
LOAD__INPUT__BUFFER signal which latches the 
drive’s ID word 1 in the input buffer (from the shift 
register). The input buffer drives the other comparator 
input. Note that the ENB__XCVR signal is inactive and 
the transceivers between the local data bus and the 
double-buffered serial/parallel converter are off. 
CNTRO__DETECT is also inactive which deactivates 
the output buffer. 


The ready circuitry operates in an identical way as dur- 
ing the format operation. When RDY2A is activated, 
the write bus cycle completes and the COM- 
PARE.__STATUS is latched with the rising edge of 
WRO. The COMPARE__STATUS flip-flop keeps the 
first mismatch latched until reset. 


Counter 2 was set up to count three BR7 pulses. After 
both ID words have been compared, counter 2 times 
out. The CNTR2 signal allows the 9401 CRC generator/ 
checker’s error output to be latched in the CRC__ ER- 
ROR flip-flop with BR7. Channel 2 halts after the DMA 
transfer. The CNTR2 signal is also used to activate 
channel 1’s external terminate input, EXT1. Channel 1 
resumes execution, examines the COM- 
PARE STATUS and CRC__ERROR flip-flops, and 
deactivates the READ signal. 


Upon detecting a match without CRC error, channel | 
begins the write data field phase by activating WRITE, 
CHANI/CHAN2, and ENB_XCVR (Fig. 26). The 
destination synchronized DMA transfer is started, the 
synch character word is prefetched from memory, and 
channel | waits for DMA request. When counter 0 times 
out, CNTRO__DETECT is activated and counter | is 
started. Counter 1 provides the time delay from the start 
to the end of the data field and indicates when to ap- 
pend a CRC word. CNTRO__DETECT is also transmit- 
ted to the 8089’s DMA request input, DRQ1, which 
starts the data record transfer to the drive (Fig. 28). The 
data record is written on the track almost identically to 
the way that the ID data is written on the track during 
the format track operation. The only hardware opera- 
tional difference is that more words are written on the 
track for the data record than for the ID field. The 
earlier discussion explains the operation of Figure 28 
and therefore will not be repeated here. The write data 
record operation concludes with channel | deactivating 
WRITE, CHAN1/CHAN2, and ENB__XCVR. 
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t 


Read Data Record 


The read data record operation (Fig. 29) is similar to the 
write data record operation. Although counter 0 is acti- 
vated, it is not used during this operation. The sector 
search activity by channel 1 and 2 is identical to that of 
the write record operation. Only channel 1’s activity 
after locating the desired sector is different. Channel 1 
reads the data record instead of writing it. 


After the desired sector is located without a CRC error, 
channel | begins the read data field phase by activating 
READ, CHANI/CHAN?2, and ENB_XCVR. The 
source synchronized DMA transfer is started and chan- 


nel 1 waits for DMA request. The READ signal acti- 


vates the drive’s READ__GATE signal and the synch 
character detection circuitry reads data from the track. 
When the synch character is detected, the 
SYNCH__DETECT flip-flop is set (Fig. 30). The 
SYNCH__DETECT signal is used to start counter 1. 
Counter 1 provides the time delay from the start to the 
end of the data field and indicates when to check for 
CRC errors. 


BRI14 is used to generate the LOAD_INPUT__ 


BUFFER signal which latches the first data word in the 
input buffer (from the shift register), SYNCH_ 
DETECT also allows the DMA request signal, DRQ1, 
to be activated with BR7. This starts the 8089 bus cycle 
which reads the first data word from the input buffer. 


The RDO signal is activated when the 8089 reads the in- 
put buffer and is used by the ready circuitry to generate 
RDY2A. RDY2A is activated by BRO or RDO, 
whichever occurs last. This ensures that data has been 
loaded into the input buffer before reading it. Recall 
that during the format and write record operations, the 
ready circuitry used WRO instead of RDO. When 
RDY72A is activated, the read bus cycle completes and 
the 8089 stores the data word in memory. 


The DMA activity repeats until all data words have been 
read. Counter | times out and CNTR allows the 9401 
CRC generator/checker’s error output to be latched in 
the CRC__ERROR flip-flop with BR7. The DMA 
transfer terminates and channel 1 examines the 
CRC__ERROR flip-flop. The read data record opera- 
tion concludes with channel 1 deactivating READ, 
CHANI/CHAN2, and ENB__XCVR. 
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Vil. SOFTWARE DESIGN 


The host processor communicates with and starts only 
channel 1 and subsequently channel 1 starts channel 2. 
Although the 8089’s architecture and the controller 
hardware permit the host processor to control and start 
both channels, this design restricts the host’s interac- 
tions with channel 1. 


In a previous section, the linked blocks of the memory- 
based communication structure are described. The 
system configuration pointer and the system configura- 
tion block are used only during 8089 initialization after 
reset. The channel control block (CB) is used for 8089 
initialization and to control channel operation. Before 
starting channel operation, the host processor initializes 
the channel control word and the parameter block offset 
and segment base in the proper half of the channel con- 
trol block (Fig. 8). This section describes the parameter 
and task blocks used in the disk controller design. 


Parameter Blocks 


The parameter block for channel 1 is shown in Figure 
31. The TB1 offset points to channel 1’s task program 
which resides in local memory. If the task program 
resides in system memory, such as during initial debugg- 
ing, TB1 segment base is also used to generate the 
pointer. Note that the 8089’s architecture requires that 
the first parameter in the PB be the task program’s ad- 
dress. All other parameters are user-defined allowing 
parameters to be tailored for a specific I/O task. Other 
PB1 parameters that are passed to the 8089 in this appli- 
cation are the data buffer’s address, function, cylinder, 
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Figure 31. Channel 1 Parameter Block 
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head, sector and pointers to the CB and PB2. The only 
parameter passed back to the host is status. 


Normally the host processor starts channel 2 and is © 
responsible for initializing parameters in the CB and 
PB2. In this design channel 1 starts channel 2. The CB 
and PB2 pointers received from the host in PB1 allow 
channel | to initialize the proper parameters before 
starting channel 2. 


In this disk controller design, channel 2 is essentially a 
slave of channel 1. Prior to starting channel 2, channel 1 
initializes channel 2’s CCW and PB2 offset and segment 


base in the second half of the channel control block. 


Next channel 1 initializes three parameters in channel 
2’s parameter block (Fig. 32). The first parameter is the 
address of channel 2’s task program. The function code 
and the data buffer’s address are the other two param- 
eters. Although parameter block 2’s structure allows the 
task program and data buffer to reside in system or 
local memory, this design places them both in local 
memory. Therefore, only TB2 offset and data buffer of- 
fset are initialized by channel 1 and the segment bases 
are not used. Channel 2 provides no status information 
back to channel 1 via parameter block 2. 
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Figure 32. Channel 2 Parameter Block 


Software Organization 


The disk controller software is organized as several 
modules with a three-level hierarchy (Fig. 33). When the 
8089 receives a channel attention from the host pro- 
cessor, module TBLK1 begins execution (level 1). Con- 
trol is next transferred to one of the level 2 modules (IN- 
IT, SEEK, FMAT, WDATA, or RDATA) based on 
which function was specified in the parameter block. 
For read or write data record functions, TBLK2, which 
is the lone level 3 module, is also executed. 


The details of each software module are now described. 
While reading the detailed description, it may be helpful 
to refer to the ASM89 assembly language source code in 
Appendix B. 
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Control Program (TBLK1) 


After the host processor initializes parameters in the 
channel control and parameter blocks, a channel atten- 
tion is generated which starts module TBLK1. Registers 
GA and GC are first initialized. GA is used as a pointer 
to the start of local RAM and GC is used as a pointer to 
control port 1. The FORMAT, READ, WRITE, 


CHANI1/CHAN2, ENB_XCVR, and SEL_INDEX © 


control signals are generated by writing to control port 
1. In general, the controller software uses GA as a base 
pointer when accessing variables in local memory and 
GC as a basé pointer when accessing I/O ports. 


Next TBLK1 examines the function code in the param- 
eter block to determine which function has been speci- 
fied. A unique bit in the function code is used to specify 
each of the five functions. This allows the 8089’s bit test 
and branch instructions to be used. If a valid function is 
specified, control is transferred to the proper level 2 
module. If not, the BAD __CODE error bit in the 
parameter block’s status word is set, the host is inter- 
rupted, and channel | halts. 


Initialization (INIT) 


The initialization module, INIT, is used to place the 
controller in a known state after applying power to the 
system. It is also used to reset the drive’s write fault 


signal. Control ports 1 and 2 are first cleared and then 
the drive select line is activated. Any pending write 
faults are reset. The heads are next positioned over 
cylinder 0 and the three 8254 counters are initialized in 
preparation for other disk drive operations. Counter 0 is 
initialized to count 8 pulses, counter | to count 4 pulses, 
and counter 2 to count 3 pulses. Finally, the host is in- 
terrupted and the channel halts. 


Seek Track (SEEK) 


\ 

The seek track module, SEEK, is used to position the 
heads over a specified cylinder and to select one of the 
eight read/write heads. This module first checks if the 
controller is initialized. Since INIT selects the drive, an 
active ready signal from the drive indicates that the con- 
troller has been initialized. If not initialized, the 
NOT__READY error bit in the status word is set, the 
host is interrupted, and the channel halts. In order to 
minimize unnecessary accesses to Multibus, a status 
word in local memory is updated as errors are encoun- 
tered. Prior to halting, a module will copy this local 
status word to the parameter block in Multibus’s shared 
memory. 


If the drive is initialized, execution of the SEEK module 
continues. The cylinder and head values are copied from 
the parameter block to local memory. These variables 
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are stored in local memory to minimize Multibus access. 
The cylinder and head values are checked to determine 
whether they exceed the maximum values of the drive. If 
one or both does, the BAD_-CYLINDER and/or 
BAD__HEAD error bits are set and the channel halts. 


With valid input parameters, head movement is next 
determined using a local variable, PRESENT__CYL, 
which specifies which cylinder is presently being ac- 
cessed. By subtracting the present cylinder value from 
the new cylinder value, the head movement is deter- 
mined. A zero result means no movement, a positive 
result means inward movement, and a negative result 
means outward movement. A non-zero result also speci- 
fies how many cylinders inward or outward the set of 


heads must be moved. Although the 8089 does not have 


a subtract instruction, the subtract operation is easily 
implemented by complementing the subtrahend before 
adding it to the minuend. If head movement is 
necessary, the drive’s direction line is activated (1 for in- 


_ ward and 0 for outward) and a string of pulses equal to 


the number of cylinders to be moved is transmitted to 
the drive. 


Next the PRESENT__CYL variable is updated and a 20 


_ msec delay loop is executed. This delay is required by 


the drive to allow the head positions to stabilize. 
Finally, the host is interrupted and channel | halts. 


Format Track (FMAT) 


Before information can be stored on a track, the ID 
fields must be written. This is the function of the format 
track module, FMAT. Similar to the SEEK module, 
controller initialization is first checked. Next the count 
registers for the 8254 counters 0 and | are initialized to 8 
and 4, respectively. A format table is generated which 
contains four words of information that are written on 
the track for each of the 30 sectors. The four words con- 
tain the ID synch character, cylinder number, head and 


_ sector numbers, and a word of zeros. The zero word is 


used to write zeros on the track between ID fields. This 
area contains the gap between ID and data fields, the 
data field, the gap after the data field, and the gap after 
the subsequent SECTOR pulse. Only one zero word is 
needed since the 16-bit shift register continues to shift 
out zeros until it is reloaded. 


The format table is generated in three steps: an array 
containing the 30 interleaved sector numbers is con- 
structed, the head number is loaded into the upper half 
of the MC register, and then four words for each sector 
are assembled in the table. Loading the head number in- 


to MC’s upper half is effectively done by shifting the 
data from MC’s lower half to its upper half. Although 
the 8089 has no shift instruction, the shift left operation 
can be implemented by adding a number to itself. Shift- 
ing the head number left 8 bits is easily accomplished 
with a loop containing just a few lines of code. 


After the format table has been constructed, the infor- 
mation is written to the drive using high speed DMA 
transfers. Channel 1 performs the entire format opera- 
tion without assistance from channel 2. Dummy DMA 
transfers are used to synchronize the format operation 
with INDEX or SECTOR pulses received from the 
drive. The byte count (BC) register is initialized with the 
actual byte count plus two since the dummy DMA trans- 
fer decrements BC (refer to the section on Special 
Design Considerations). After the synchronization 
signal is received, four words from the format table are 
written on the track with DMA transfers. The first sec- 
tor’s ID field is written after the INDEX pulse is 
detected and the ID fields of the.remaining 29 sectors 
are written after SECTOR pulses are detected. 


After each of the 30 ID fields has been written on the 
track, the drive’s write fault signal is examined. If a 
fault is detected, the BAD__WRITE error bit is set and 
the channel halts. If no faults are detected, the channel 
halts after all 30 ID fields have been written. 


Write Data Record (WDATA) 


The WDATA module begins execution whenever a data 
record is written to the drive. Channel | begins by 
transferring the desired sector’s ID information from 
the parameter block to a local memory buffer. This 
local buffer will be used by channel 2 during the ID field 
compare. The sector number is checked to determine 
whether it exceeds the maximum value. If so, the 
BAD__SECTOR error bit is set and channel 1 halts. If 
no error is detected, the 8254’s count registers for 
counters 0 and | are initialized to 21 and 258, 
respectively. 


Channel | next enters the DMA mode and transfers the 
data record from the system memory buffer to a local 
memory buffer. The data synch character is inserted in- 
to this local buffer before the data record and a zero 
word is inserted after the data record. The zero word 
causes zeros to be written after the data record and CRC 
word. 


Preparation for starting channel 2 is next performed. 
Channel 2’s half of the channel control block is loaded 
with the channel control word to start task program exe- 
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cution in local memory and with the offset and segment 
base values of parameter block 2’s address. Channel 2’s 
task program address, the function code for compare 
ID field, and the address of the buffer containing the 
desired sector’s ID information are then loaded into 
channel 2’s parameter block. Next channel 1’s registers 
for the write data record DMA transfer are initialized, a 
channel attention signal to start channel 2 is generated, 
and channel | starts a dummy DMA transfer. Note that 
two must be added to BC since it is decremented during 
the dummy DMA transfer. 


Channel 1 now idles while channel 2 detects a SECTOR 
pulse and transfers the desired sector’s ID information 
to the 16-bit comparator. As channel 2 completes its 
DMA transfer and halts, counter 2 times out which ter- 
minates channel 1’s dummy DMA transfer. Channel 1 
resumes execution and examines the compare status and 
CRC error flip-flops simultaneously. This is accom- 
plished using the 8089’s jump if masked compare not 
equal (JMCNE) instruction which uses the MC register 
to test both flip-flop outputs and jumps if a mismatch 
and/or CRC error is detected. If a match without CRC 
error is detected, channel 1 enters the DMA mode and 
writes the data record on the disk. 


If a mismatch and/or CRC error is detected, the CRC 
error flip-flop is checked individually. The detection of 
a CRC error causes the BAD__ID__CRC error bit to be 
set and the channel to halt. Detecting no CRC error 
means that only a mismatch occurred. In this case, the 
next sector’s ID field is compared by starting channel 2 
again. 


Assuming that no CRC errors are detected, the sector 
search is repeated until a match is found or all 30 ID 
fields have been compared, whichever comes first. This 
technique allows the sector search to begin with the first 
complete sector encountered rather than starting at the 
beginning of the track when the INDEX pulse is 
detected. 


After detecting a match and writing the data record on 
the track, the drive’s write fault signal is examined. The 
BAD__WRITE error bit is set if a fault is detected. 
Otherwise, channel 1 halts. For the case where all 30 sec- 
tors have been searched and the desired sector is not 
found, the BAD__SEARCH error bit is set and channel 
1 halts. 


Read Data Record (RDATA) 


Whenever a data record is to be read from the drive the 
RDATA module is executed. Much of the actions per- 
formed by this module are identical to that of/the 
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WDATA module. Channel 1 also begins by transferring 


the desired sector’s ID information from the parameter — 


block to a local memory buffer, checking the sector 
number, and initializing the 8254 count registers. Iden- 
tical action continues by updating channel 2’s com- 
munication blocks, initializing channel 1’s registers for 
the DMA transfer, generating a channel attention signal 
to start channel 2, and starting a dummy DMA transfer. 
Since the read data record DMA transfer is source 
synchronized, the BC register is not modified during the 
dummy DMA transfer and therefore no adjustment is 
needed when initializing BC. 


Channel 2 next performs the ID field compare and 
halts. Channel 1 resumes execution when counter 2 
times out. Identically with WDATA, channel 1 exam- 
ines the compare status and CRC error flip-flop simul- 
taneously. Detecting a match without CRC error causes 
channel 1 to enter the DMA mode and read the data 
record. The CRC error flip-flop is again examined and 
if no error is detected, the data record just read into a 
local memory buffer is transferred to the system 
memory buffer with DMA transfers and channel 1 
halts. If a CRC error was detected during the reading of 


the data record, the BAD__DATA__CRC error bit is set 


and channel | halts. 


Detection of a mismatch and/or CRC error after the ID 
field compare causes the CRC error flip-flop to be 
checked individually. Encountering a CRC error will set 


the BAD__ID__CRC error bit and halt channel 1.° 
Otherwise channel 1 will repeat the sector search until a. 


match is found, all 30 ID fields are compared, or a CRC 
error is detected. Any one of these conditions will cause 
channel 1 to read the data record and halt or set an error 
bit and halt. 


Compare or Read ID (TBLK2) 


Channel 2’s task program, TBLK2, is executed when- 
ever the ID field is compared or read. Note that the code 
to read the ID field is included in TBLK2 but is not used 
in this version of the software. Channel 2 begins by 
reading the function code to determine whether to com- 
pare the ID field or to read it. In either case, the major 
actions are similar. Channel 2’s DMA registers are ini- 
tialized, a dummy DMA transfer is started to wait for 
the SECTOR pulse, the data transfer DMA mode is 
entered, and finally channel 2 halts. During an ID field 
compare, the data transfer DMA mode writes informa- 
tion to the 16-bit comparator while during an ID field 
read, information is read from the serial/parallel con- 
version circuitry. The BC register must be adjusted dur- 
ing the ID compare but not during the ID read. 
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Vill. POSSIBLE ENHANCEMENTS 


As discussed earlier, the main purpose of this applica- 
tion note is to present basic design information on im- 
plementing a disk controller with the 8089 I/O pro- 
cessor. Although the design described here does not ex- 
hibit many intelligent features, the controller does allow 
software enhancements to provide the desired features. 


The present design requires a separate track seek opera- 
tion before a read or write data record operation. Ad- 
ding the capability to perform the seek operation prior 
to reading or writing the data record is simple. Separate 
bits in the function code word are used to specify each 
function. This allows the host to select multiple func- 
tions. Recall that the function code is included in the 
parameter block and is initialized by the host processor. 


_ The SEEK software module can be modified to examine 
the read and write function code bits after completing 
the seek operation. If only one function (read or write, 
but not both) is specified, control is transferred to the 
proper module, either RDATA or WDATA. Otherwise, 
an error bit is set and the channel halts. Note that this 
same technique can be used to perform a seek operation 
prior to the format track operation. 


Another possible enhancement is the ability to retry an 
operation when a CRC error is detected. This feature 
applies whenever the ID field (during sector search) or 
data field (during read data record) is read. The soft- 
ware can be modified to reposition the heads at the fail- 
ing sector (by counting SECTOR pulses) and retry the 
search or read operation. If several more CRC errors 
are detected, the operation is terminated, an error bit is 
set, and the channel halts. The number of retries can be 
preset in the task program or received as a variable from 
the host processor via the parameter block. 


The ability to transfer multiple sectors of data is another 
desirable feature. A new variable called record count 
must be added to the parameter block. Sequential logi- 
cal sectors are transferred from the starting logical sec- 
tor specified in the parameter block. As many sectors as 
specified by the record count are transferred. This could 
also include head switching from one track to another 
(without a seek operation) to access data across track 
boundaries. 


The transferred data is buffered in local memory and 
the interleaved scheme allows two physical sector times 
for the 8089 to transfer the data from system memory to 
local memory (write operation) or from local memory to 
system memory (read operation). Data is transferred to 
or from the multiple sector system memory buffer start- 
ing at the location specified by the parameter block 

variables. Another parameter block variable may be 
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created which returns the last sector number transferred 
to the host. This information can be used by the host 
during an error to determine how many sectors were 
successfully transferred. 


The ability to perform linked operations might be 
useful. For example, a track seek and the reading of five 
data records can be followed by another track seek and 
the writing of two data records. To include this feature, 
the parameter block could be modified to pass a set of 
parameters for zach operation or multiple parameter 
blocks could be linked together. Variables such as func- 
tion code, data buffer’s address, cylinder, head, sector, 
record count, status, and last sector transferred are pro- 
vided for each operation. As many sets of parameters as 
desired can be specified. The controller software would 
sequence through these sets of parameters, perform the 
required operations, and halt when a special function 
code, such as one with no functions selected, is detected. 


It was pointed out earlier that the controller hardware 
includes provisions for reading the ID field. In addition, 
the software module TBLK2, channel 2’s task program, 
can either compare the ID field or read it, depending on 
the function code that channel 1 provides. Therefore, 
the software can be modified to read the ID field infor- 
mation and verify track position. The 30 ID fields can 
also be read to verify a format track operation. In addi- 
tion, sophisticated access methods which require read- 
ing the ID field may be implemented. 


Another enhancement is to verify a data record just 
written to the drive. Here the same circuitry used to 
compare ID fields is used to compare data fields. The 
good data is written to one input of the hardware com- 
parator while data read from the drive is applied to the 
other input. The first mismatch is latched in the com- 
pare status flip-flop for examination later. 


The software car: also be enhanced to manage a file 
structure. The host processor would refer to data rec- 
ords by logical file names rather than physical disk loca- 
tions (cylinder, head, and sector). By maintaining a disk 
directory, the software would determine where the 
record is located or will be located and perform the data 
record access. The 8089’s general instruction set, 
although orientec! towards I/O processing, supports 
data processing o* this complexity. 


The 8089’s flexible memory-based communication 
structure allows enhancements to be easily imple- 


' mented. Modifying the parameter block to accommo- 


date any additional parameters is a simple task. All 
variables in the parameter block except for the task pro- 
gram address are defined by the user based on the I/O 
processing task to be performed. 
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IX. CONCLUSIONS 


This application note has provided a detailed descrip- 
tion of a hard disk controller design based on the Intel 
8089 I/O processor. The features provided by the 8089 
make it well suited for disk control applications. The 
1.25 megabyte/sec DMA transfer rate allows interfacing 
with high speed Winchester disk drives. The two chan- 
nels provided in a single 40-pin package permit back-to- 
back DMA transfers in rapid succession to minimize 
gaps between the ID and data fields and provide a 
higher formatted drive capacity. The bit manipulation 
instructions simplify the implementation of the disk 
controller software, typical of I/O processing software. 
All of these features allow the design of a versatile, in- 
telligent and high performance disk controller compati- 
ble with high performance microprocessors and disk 
drives available today. ) 


An 8089-based disk controller maximizes overall system 
throughput. The host processor and 8089 operate con- 
currently due to the 8089’s local bus which is used to ac- 
cess the controller circuitry, task programs, and local 
data variables and buffers. Shared system bus accesses 
are kept to a minimum which minimizes system bus con- 
tention. System throughput is also maximized by off- 
loading disk control overhead tasks from the host and 
having the 8089 perform these tasks in parallel with the 
host. This frees host processor time for data processing. 


A versatile disk controller with many intelligent features 
is easily implemented with an 8089. The host initiates a 
single high level command to perform track seek, data 
record transfers, error checking, and any retries. Other 
controller features such as multiple sector transfers, 
linked operations, and data record verification can also 
be provided. The 8089 provides flexible system bus in- 


3-103 


terfacing. The controller described here has a Multibus 
interface with byte swap circuitry that permits inter- 
facing with 8- or 16-bit system memory. Since the 
system bus width is defined during 8089 initialization, 


no controller hardware or software changes are neces- 


sary. Memory based communications allow both 8- and 
16-bit host processors to use this controller. 


Use of the 8089 promotes modular subsystem develop- 
ment. Memory based communication blocks provide a 
simple software interface with the host processor. Once 
the parameter block structure is defined, host and 8089 
software development proceeds in parallel. Future 
enhancements are also easily incorporated with possible 
additions to the parameter block. The hardware inter- 
face is also straightforward. A system bus interface, 
such as Multibus, allows the use of address signals to 
generate the CA and SEL signals received by the 8089 
and the use of the interrupt lines to route interrupts 
back to the host processor. Such a simple interface per- 
mits the disk controller hardware to be developed con- 
currently with other hardware subsystems. Also, note 
that the entire 8089 subsystem may be changed with 
minimal impact, if any, to the host processor software. 
For example, the subsystem could be upgraded to sup- 
port higher capacity disk drives or a bubble memory 
subsystem could be implemented using a similar soft- 
ware interface. 


Finally, the 8089 allows a compact disk controller to be 
implemented. The design here is constructed on a 6-3/4 
by 12 inch board with 75 IC packages. By combining at- 
tributes of a CPU and an intelligent DMA controller in 
a single 40-pin package, the 8089 I/O processor allows 
versatile, high performance, and compact I/O subsys- 
tems to be implemented. ’ 
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SHUGART SA4000 PERFORMANCE AND FUNCTIONAL SPECIFICATIONS 


No. of Disk Surfaces 

No. of Heads 

No. of Cylinders 

No. of Tracks 

Gross Capacity (M bytes) 

Access Time including seek settle 
of 20 ms (Milliseconds) 
One Track ; 
Average (67 Track Seek) | 

_ Maximum (201 Track Seek) 

Disk Speed 

Recording Mode 

Recording Density 

Flux Density 

_ Track Capacity 

Track Density 

Transfer Rate 


Sectors 
Start Time 


; 


140 
2964 RPM 
MFM 
5534 BPI 
5534 FCI 
18000 Bytes 
172 TPI 
7.11 x 10° bits/sec. 
889 x 10° bytes/sec. 
Programinable | 
1.5 minutes 
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8089 MACRO ASSEMBLER 


ISIS-II 8089 MACRO ASSEMBLER X202 ASSEMBLY OF MODULE HDC89 | 
OBJECT MODULE PLACED IN : Fi: HDC89. OBU 
ASSEMBLER INVOKED BY: :F1:ASM89 :F1:HDC89.A89 DATE( 7-20 


LINE SOURCE 


1 
2 
a 
4 
re) 
6 HDC89 
le 


9 SINCLUDE 


42 $EJECT 
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*### GO89-BASED DISK CNTLR ### 


$TITLE(##% 8089-BASED DISK CNTLR ###) 


i 8089-BASED HARD DISK CONTROLLER | 
beistaey: 

SEGMENT 

i 

(:F1: EQU89. A889) 

i CHANNEL 1 PARAMETER BLOCK OFFSETS 
PB1_TB1i_OFF EQU OOH 
PB1_TB1i_SEG EQU 02H 
PB1_BUFR_OFF EQU 04H 
-PB1i_BUFR_SEG EQU 06H 

PBi FUNCTION. EQU O8H 
PB1_STATUS | EQU OAH 
PB1i_CYLINDER EQU OCH 

PB1i HEAD SECTOR EQU OEFH 
PB1_CCB_OFF EQU 10H 
PBi_CCB_SEG EQU 12H 
PB1_PB2_OFF EQU 14H 
PB1_PB2_SEG EQU 16H 
CHANNEL 2 PARAMETER BLOCK OFFSETS 
PB2_TB2_OFF EQU  — OOH 
PB2_TB2_SEG EQU O2H 

PB2 FUNCTION EQU. O4H 
PB2_BUFR_OFF | EQU 06H 
PB2_BUFR_SEG EQU O8H 

; CHANNEL 2 FUNCTION CODES 

CMP_ID EQU OOH 
READ_ID EQU O1H 


_ Swe 


oo -*. 
AFNO2057A 


te’ 
’ 


~) 


$E JECT 


PORT_TO_PORT 
BLOCK_TO_PORT 
PORT_TO_BLOCK 
BLOCK_TO_BLOCK 
TRANSLATE 


SOURCE SYNCH 
DEST _ SYNCH 


GA_SOURCE 
GB_SOURCE 


LOCKED_CONTROL 
CHAINED _MODE 
SINGLE_XFER 
EXT_TERM_0O 
EXT_TERM_4 

EXT _TERM_8 
BC_TERM_0O 


BC_TERM 4 
BC TERM 8 


UNTIL_MC_TERM_0O 
UNTIL_MC_TERM_4 
UNTIL_MC_TERM_8 


WHILE _MC_TERM_O 
WHILE_MC_TERM 4 
WHILE_MC_TERM 8 


; 
i 
; 
; 


RAM_BASE 

ROM BASE 
DATA_PORT 
CNTL_PORT_1 
CNTL_PORT_2 
STATUS_ PORT 
CHAN2_CA_PORT 


LD _CNTRO_54 
LD _CNTR1_54 
LD CNTR2_54 
MODE_54 


EQU 
EQU 
EQU 
EQU 


EQU 


EQU 
EQU 


EQU 
EQU 


EQU — 


EQU 


EQU 


EQU 
EQU 
EQU 


EQU 
EQU 
EQU 


EQU 
EQU 
EQU 


EQU 
EQU 
EQU 


CONTROLLER ADDRESSES 


EQU 
EQU 
EQU 
EQU 


8089 CHANNEL CONTROL REGISTER BIT MASKS 


00000000 00000000B 
0100000000000000B 
1 000000000000000B 
11 00000000000000B 


00 10000000000000B 


0000 1000000000008 
0001 9000000000000B 


0000000000000000B 
0000010000000000B 


000000 1000000000B 
0000000 100000000B 
000000001 0000000B 


00000900001 00000B 
0000000001 000000B 
0000000001 100000B 


0000000000001 000B 
00000000000 10000B 
000000000001 1000B 


O000000000000001B 
0000000000000010B 
0000000000000011B 


0000000000000101B 
0000000000000110B 
00000000000001118B 


0000H 
2000H 
4000H 
4010H 
4021H 
4030H 
4070H 


4051H 
4053H 
4055H 
4057H 
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RD_CNTRO_54 
RD_CNTR1_54 
RD_CNTR2_54 


4051H 
4053H 
4055H 


i OFFSET VALUES FROM CNTL_PORT_1 = 


EQU 
EQU 
EQU 


O11H 
O20H 
O60H 


i _ 8254 CONTROL WORD BIT MASKS 


3 
SEL_CNTRO_54 


SEL_CNTR1_54 
SEL_CNTR2_54 


RD_LD_LATCH_54 
RD_LD_MSB_54 
RD LD LSB_54 
RD_LD_WORD_54 


MODEO_54 
MODE1_54 
MODE2_ 54 
MODE3_54 
MODE4 54 
MODES _54 


BCD_COUNT_54 


5 
; 
i 
; 


CLEAR 
FORMAT 
READ 
WRITE 
CHAN 1 
CHAN2 
ENB_XCVR 
SEL_INDEX 


; 


HEAD1 
HEAD2 
HEAD4 
HEADS 
DRIVE1 
INWARD 


— OUTWARD 


EQU 
EQU 
EQU 


EQU 
EQU 


CNTL_PORT_1 BIT MASKS 


CNTL_PORT_2 BIT MASKS 


OO000000B 
01000000B 
10000000B 


O0O0000000B 
O00100000B 
00010000B 
00110000B 


00000000B 


O00000010B 


4010H 


00000100B 


000001108 
00001000B 
00001010B 


OOO00001B 


QO000000B 
000000018 
00000010B 
00000100B 
00001000B 
O0Q00000B 
00010000B 
00100000B 


00000001B 
00000010B 


000001008 


00001000B 
00010000B 
00100000B 
00000000B 
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Sa FAULT_CLEAR E@uU 100000008 
“ae Say ks ae i | . 
ee te 
459 — STATUS_PORT BIT POSITIONS 


COMPARE STATUS EQU 


0) 
CRC_ERROR EQU } 
SEEK_COMPLETE ' EQU 4 
DRIVE_READY EQU v 
TRACKOO EQU & 
7 


WRITE_FAULT EQU 
. MASK-COMPARE (MC) PATTERNS 
TEST_SECTOR_FOUND EQU O301H 


: 


SE JECT 


FUNCTION CODE BIT POSITIONS 


~~ ~e ~~ ‘we 


INIT_CODE EQU a) 
| SEEK_CODE EQU 1 
- FMAT_CODE EQU 2 
WRITE_CODE EQU 3 
READ_CODE | EQU 4 
LOOP _CODE EQU 7 


) 
) 


i ERROR CODE BIT POSITIONS 


BAD_CODE } EQU 


@) 
NOT_READY EQU 1 
BAD_CYLINDER EQU 2 
BAD_HEAD | EQU 3 
BAD_SECTOR EQU 4 
BAD_WRITE EQU 5 
BAD_SEARCH EAU & 
BAD_ID_CRC EQU % 
BAD_DATA_CRC EQU 0 
OTHER CONSTANTS 
MAX_CYLINDER EQU 202 
MAX _HEAD EQU 4 
MAX _SECTOR EQU 30 
ID_SYNCH . EQU OFH 
DATA_SYNCH | EQU ODH 
ID_SIZE EQU A 


WORD_COUNT EQU 254 
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SE JECT 


SEVJECT 


TBLK1: 


BYTE_COUNT Bau WORD _COUNT + WORD COUNT 
START_SYS_CCW EQU  —«O8SH ae a a 
START _LOC_CCW EQU O81H ; n ; * RA ere es - 
: 3 is 
ae TMI CN, il ROC 9 kA: Ri LE TG ie eee ee SE a - 
DATA VARIABLE DEFINITIONS ! =i 
| oe aes Ree se tne ee Lee a ae Le OS 
ORG RAM_BASE : 
CYLINDER: pw 0 ; IN LOW BYTE “2S 7 ake 
HEAD: or 0 ) IN LOW BYTE Pam oe 
SECTOR: DW 0 ; IN LOW BYTE 
FUNCTION: <a ae 0 | 
PRESENT_CYL: DW O ; IN LOW BYTE. 
FIND SECTOR: Dw 0,0,0,0 ce "PS 
TEMP_STATUS: | | DW O° i ee 
TEMP: | DW o bos a 
ORG RAM_BASE + OSFOH | 
SECTOR_BUFFER: ps 512 

j 
; CH A NLNSE Loco 1 


= te Snlee NERD CNS SOLAS RET! SHED GREED GEESE Ghee EUETD GREED SOULS GENEL GUGET GUEEE CEEED CERES CEEE GEESE GOURD "ene HESS GMD RUNG CUNY GEESE “GEES SEES SHUEY GREED EEE Ganee Ceenr OREN) GEESE HEH SOUND GETTY CHEE GENET TREES weED COVEN ERED GENET GEES areES Cuene SumEN 


CONTROL PROGRAM r 


ORG RAM_BASE + O40H 
MOVI GA, RAM_BASE * 5 GA = RAM BASE PTR | 
MOVI CGA]. TEMP_STATUS, OH ; STATUS = NO ERROR © Ce 
MOVI GC,CNTL_PORT_1 ; @C = 1/0 BASE PTR A 
MOV [GA]. FUNCTION, CPP]. PB1_FUNCTION ; GET FUNCTION 

; CODE : 
LUBT  £GA]. FUNCTION, INIT_CODE, INIT + JUMP IF INIT 


LUBT | C@AJ. FUNCTION, SEEK_CQDE,SEEK i JUMP IF SEEK 


~ 
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267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
af? 
280 
281 


| 282 


283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
R299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 


aii. 


312 
313 
314 
315 
316 
317 
318 
aa 
320 
Jel 


B22 


$E JECT 


INIT: 


110: 


113: 
T20: 


130: 


140: 


MOVBI 
MOVBI 
MOVBI 


JNBT 


a Ls 7) ~— > ae? ‘+. 

FS a) On a ere se 4 “ ~ a xi Si | 

ae RE ee : a ee == Petr 2, ‘in 

. no caters: bie eee 3 ~ ; So ee Spe eT 
Sey es» - . . : mete 


CGA]. FUNCTION, FMAT_CODE, FMAT JUMP IF FMAT 


CGA]. FUNCTION, WRITE, CODE, WDATA JUMP IF WRITE 


i 
CGAJ. FUNCTION, READ _CODE,RDATA i JUMP IF READ 
CGA]. TEMP_STATUS, BAD_CODE i ERROR, INVALID 


CPP]. PBi_STATUS, CGAJ. TEMP_STATUS i; FUNCTION 
i SET INTERRUPT 


INITIALIZATION 


UEP GOTNE TED CONES NEES CON LENE CENTS CGE SUEDE CONES COED SENET GEEEG GOES THEEE GDC GOTED FogEy GEER] SUEDE GREED COEDS GPEDS GEES GEOTE GeeeD GuESS CoEEE HOTT SHEE GtGEY GOEED Ghoee GENTS GEE SHEET GREED GunEe GENES Cmte cone GeneD aoeeY 


CGC], CLEAR 
CGC]. CNTL2, CLEAR 
CGCIJ. CNTL2, DRIVE1 i 


s ZERO CONTROL PORTS 
SELECT DRIVE 


CGC]. STATUS, DRIVE READY, 110 i WAIT FOR DRIVE 
F READY 


RESET WRITE FAULT (IF. ANY) 


CGC]. STATUS, WRITE_FAULT, IT15 
CGC]. CNTL2, DRIVEI+FAULT_CLEAR 
CGC]. CNTL2, DRIVE1 


POSITION HEADS OVER TRACKOO 


CGC]. 
CGc]. 
CGC]. 
CGC]. 
CGC]. 


STATUS, TRACKOO, 140 

CNTL2, DRIVE1+O0UTWARD+STEP 
CNTL2, DRIVE1+OUTWARD 
STATUS, SEEK _ COMPLETE, 130 
STATUS, TRACKOO, I20 


PRESENT CYL, OH i 
CYLINDER, OH i 
HEAD; OH 

SECTOR: OH 


CGA]. 
CCA]. 
CGA]. 
CGA]. 


INIT PRESENT CYL 
ZERO VARIABLES 


INITIALIZE 8254 CNTRO, CNTRi. AND CNTR2 

GA, MODE_54 | 
[GA], SEL_CNTRO_ 54 + RD_LD WORD_54 + MODES 54 
[GA], SEL_CNTR1 54 + RD LD WORD 54 + MODES 54 
[GA], SEL_CNTR2_54 + RD LD WORD 54 + MODES 54 
GA, LD_CNTRO_54 

[GA], 07 


CNTRO COUNT = 8 PULSES 
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Re Ss Se ote 


re ote > AS 
me, a a 1 ine wae Fas AS 
: : ates SS “& : a oe. 


fees 
323 MOVBI CGAI,0 " 

324 MOVI GA, LD_CNTR1_54 . (Sita ae 
325 MOVBI [GA],03 ~ 3 CNTR1 COUNT PULSES 
326 | - MOVBI [GA], 0 ne SS ee 
327 MOVI GA, LD_CNTR2_54 | eee 
328 MOVBI CGA], 02 + CNTR2 COUNT = 3 PULSES 
329 MOVBI CGAI],0 , Canton 
330 i : 

331 MOVI GA, RAM_BASE — ; GA = RAM BASE PTR 

332 MOV CPP]. PB1_STATUS, CGA]. TEMP _STATUS 

333 SINTR SET INTERRUPT 

334 HLT | ; 

335 i : ; ie 
336 SEJECT. | WR ee 
337 F pelt 5 ae: 3 4 a 
338 ; 

339 j SEEK TRACK 

340 i ' 

341 J mr re eer cece er em sm ec ee ea seem mi eh ep ee 3 

342 i | . 

343 ae CHECK IF DRIVE IS INITIALIZED 

344 i | IB 

345 SEEK: JBT C[6C]. STATUS, DRIVE_READY,S10 ; JMP IF DRIVE RDY  ~ 

346 SETB CGA]. TEMP_STATUS, NOT_READY ; SET ERROR BIT Rs SSR 

347 LUMP S80 ebhe- Uke 

348 j et hee 

349 ; ur es: 

350 j INITIALIZE VARIABLES: CYLINDER AND HEAD ie 

351 : 3 . ‘ " ype tap oz < 
352 S10: MOV CGA]. CYLINDER, CPP]. PB1_ CYLINDER | ie i pees 25 
353 MOVB GB. CPP]. PBi_HEAD SECTOR+1 oF Rigs 
354 MOV CGA]. HEAD, GB 

355 j ; 

356 -; CHECK CYLINDER PARAM 

357  MOVI CGA]. TEMP, MAX_CYLINDER-1 i SUBTRACT FROM MAX 

358 MOV © IX, [GA]. CYLINDER } VALUE 
359 NOT IX ? | . | ib: ee 
360 INC Deas Nt 
3461 ADD CGA]. TEMP, IX | Cait Nice ie 
362 JNBT CGA]. TEMP+1, 7,513 ; JUMP IF POSITIVE 
343 SETB [GA]. TEMP STATUS, BAD. CYLINDER i; SET ERROR BIT 
364 : i 
365 \ ; CHECK HEAD PARAM 
366 S13: MOVI CGA]. TEMP, MAX. HEAD-1 ; SUBTRACT FROM MAX 
367 MOV  ~—s«dX, CGA]. HEAD F VALUE 
368 NOT ‘Ly 
349 INC 1X 
370 ADD CGA]. TEMP, IX 
371 JNBT CGA]. TEMP+1, 7,516 ; JUMP IF POSITIVE 
372: SETB CGA]. TEMP_STATUS, BAD HEAD ; SET ERROR BIT 
373 S16: JNZ CGA]. TEMP_STATUS, S80 ; JUMP IF ERROR 
374 i Af 
375 ; 

376 ; DETERMINE HEAD MOVEMENT: INWARD, OUTWARD, 
a ; OR NONE sas oe 
. 378 phe | bee. 
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— $EJECT 


S20: 


$30: 


S40: 


$50: 


$60: 


y S70: 


Sso: 


See ee “7 e ‘we we Ne 
oO 
< 


“wee 


Os 
aOQ 
HH < 


CGA]. TEMP, [GA]. CYLINDER ; SUBTRACT PRESENT CYL 


1X, [GA]. PRESENT_CYL FROM NEW CYLINDER 
IX 

IX | 

CGA]. TEMP, IX hae , 

[GA]. TEMP, S60 3 JUMP IF DELTA ZERO 
CGA]. TEMP+1, 7, S30 


JUMP IF DELTA NEGATIVE 


MOVE HEADS INWARD (POSITIVE DELTA) 


; GET CYLINDER COUNT 
PULSE 


BC, CGA]. TEMP 
CGC]. CNTL2, DRIVEI+INWARD+STEP ; 
CGC]. CNTL2, DRIVEI+INWARD 


BC i; DECREMENT COUNT AND 
BC, S20 i REPEAT IF <> 0 
$50 . és 


MOVE HEADS OUTWARD (NEGATIVE DELTA) 


BC, CGA]. TEMP i GET AND COMPLEMENT 
BC | i CYLINDER COUNT 
BC ges bs 


CGC]. CNTL2, DRIVE1+OUTWARD+STEP ; PULSE 
[GC]. CNTL2, DRIVE1+OUTWARD 
BG F 


BC, S40 i 


DECREMENT COUNT AND 
REPEAT. IF <> 0 


CGC1. STATUS, SEEK_COMPLETE, S50 ; WAIT FOR SEEK 


i COMPLETE SIG 


i 


UPDATE PRESENT. CYL VARIABLE 


CGA]. PRESENT_CYL, CGA]. CYLINDER 


SELECT HEAD: ACTIVATE HEAD SIGNALS TO DRIVE 


IX, [GA]. HEAD 


IX, DRIVE 
CGC]. CNTi2, IX 


20 MSEC TIME DELAY 


1X, 3448 
Ix 
1X, $70 


CPP]. PB1_STATUS, [GA]. TEMP_STATUS 
| 3 SET INTERRUPT roe 
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mere =F 
aes "ay 


446 


$EJECT 


FMAT: 


FOS: 


Fio: 


F115: 


1 
-” ane s ee : 
FORMAT TRACK eo sete ieee 
J nn nnn nn nr he ee can et eee ca oe Piss 
CHECK IF DRIVE IS INITIALIZED | eee} 
JBT [GC]. STATUS, DRIVE_READY,FOS ; UMP IF DRIVE RDY 
SETB [GA]. TEMP_STATUS, NOT_READY ; SET ERROR BIT = 
LUMP F5O ~~ | ) ea 
; eee 
INITIALIZE 8254 FOR FORMAT ney aa 
MOVI GA,LD_CNTRO_54 . Sep ae 
MOVBI  [GA1,07 ; CNTRO COUNT = 8 eee se  - 
MOVBI [GA1,0 | i oe ae 
MOVI GA, LD_CNTR1_54 Fal a 
MOVBI [GAI,03 ; CNTR1 COUNT = 4 tS) ae ae 
MOVBI [GAI,0 tie ae 
; Beaters 
; | | oe 
GENERATE BYTE ARRAY, SECTOR(30), WHICH CONTAINS 
THE INTERLEAVED SECTOR NUMBERS STARTING AT ages ie 
i ADDRESS = SECTOR BUFFER + 100H | : <3 aa eat & 
MOVI = GA, RAM_BASE 5 GA = RAM BASE PTR 
MOVI GB, SECTOR_BUFFER + 100H eae 
MOVI CGA]. TEMP, OH i v = 0 oo 
MOV BC, [GA]. TEMP i GECTOR(I) = J Se 
MOV [GB]. OH, BC | Seer R aes Se 
ADDI BC, 10 ; GECTOR(I+1) = J+10_ x 
Mov CGB]. 1H, BC : 
ADDI BC, 10 i; SECTOR(I+2) = J+20 * 
MOV [GB]. 2H, BC Ss 
ADDI GB, 3 ; ee + 
INC CGA1. TEMP i; J = Jel | 
MOV BC, [GA]. TEMP. ; REPEAT IF uv <> 10 
NOT BC 
INC BC ; 
ADDI BC, 10 
UNZ BC, F10 ; 
LOAD MC REGISTER WITH HEAD DATA IN UPPER : 
BYTE (BITS 8-15) 
MOVI BC, 8H ; SHIFT COUNT = 8 
MOV CGA]. TEMP, CGAJ. HEAD ; GET HEAD DATA 
MOV MC, CGA]. TEMP ; SHIFT LEFT BY ADDING 
ADD CGAI. TEMP, MC ys 70 ITSELF. > bog 
DEC BC ; DECREMENT SHIFT COUNT = = 


¥ A See tr 
F 


lose See aes 


fant, pie 
“wake 


$EVECT 


F20: 


F30: 


oe. a 


~~ 2 


XFER 


MOVBI 
+ 


MOVBI 


BC, Fi5 ; & REPEAT IF <> 0 
MC, CGAJ. TEMP . 


GENERATE SECTOR FORMAT TABLE STARTING 
AT ADDRESS = SECTOR_BUFFER 


GB, SECTOR_BUFFER + 100H 


CGA]. TEMP, OH i SECTOR COUNT = 0 
IX, SECTOR_BUFFER Gio 
CGA+IX+], ID_SYNCH i SYNCH CHARACTER 
CGA+IX+], CGA]. CYLINDER i CYLINDER 
CGA+IX], MC i HEAD / SECTOR ; 
BC, CGB] - : | 
CGA+IX+], BC > 
CGA+IX+]. OH . i ZEROS 
GB i INCREMENT SECTOR NO. 

i POINTER 
CGA]. TEMP i INCREMENT SECTOR COUNT 


BC, CGA]. TEMP 
BC 
BC 


& REPEAT IF <> MAX 


BC, MAX_SECTOR 


BC, F20 


FORMAT FIRST SECTOR AFTER INDEX PULSE 


GB, SECTOR_BUFFER ; SOURCE POINTER 
GA, DATA_PORT ; DESTINATION POINTER 
BC, ID_SIZE + & ; BYTE COUNT 


CC, BLOCK_TO_PORT 
+ DEST_SYNCH 
+ @B_SOURCE 
+ EXT_TERM_0O fi 
+ BC_TERM_O ; DMA CONTROL 

16,16 i; 16-BIT TO 16-BIT DMA 

i INIT DUMMY DMA TO 

i DETECT INDEX PULSE ~— 


CGC], FORMAT+SEL_ INDEX EXT1 = INDEX PULSE 


i START ID DATA TO DRIVE 


i DMA 
CGC],FORMAT | 
+ WRITE 
+ CHAN! 
+ ENB_XCVR i QUTPUT FORMAT COMMAND 
+ DMA OCCURS HERE 
CGC1,FORMAT — i RESET ALL BUT FORMAT 
i LINE 
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4 Be a 

547 i 
548 $EJECT 

549 Te ; 
550 , MOVI GA, RAM_BASE _ ; GA = RAM BASE PTR 

391 JNBT [6C]. STATUS, WRITE_FAULT,F35 ; JUMP IF NO FAULT — 
552 : SETB CGA]. TEMP_STATUS, BAD WRITE i SET ERROR i. 5 2 Mil? 
553 JMP F50 
554 “5 
555 ; | Re A 

«8556 Ris FORMAT REMAINING SECTORS 
207 ae : 
558 F35: MOVI MC, MAX_SECTOR-1 i; SECTOR_COUNT = MAX-1 
559 F40:_ MOVI GA; DATA_PORT 7 i; DESTINATION. POINTER © 

5460 MOVI BC, ID_SIZE + 6 i; BYTE COUNT. 
5461 MOVI CC, BLOCK_TO_PORT < 
542 & + DEST. SYNCH 
543 & + GB_SOURCE 
544 & + EXT_TERM_O ; 
565 & + BC_TERM_O i; DMA CONTROL } 
566 XFER i; INIT DUMMY DMA TO 
547 ; DETECT SECTOR PUL 
548 ~ WID 16,16 ; 16-BIT TO 16-BIT DMA 
549 joo wero com 
570 i WAIT FOR SECTOR PUL! 
571 jo ween = 
572  -XFER ; START ID DATA TO DRI 
S73 | ; DMA Roto 
574 MOVBI [GC], FORMAT | a 
575 & + WRITE P eens 
576 & + CHANI Rist ae 
S77 & + ENB XCVR ; OUTPUT FORMAT COMMAND — 3 
578 | | po eee ---- es 
579 . i DMA OCCURS HERE» “eb 
580 jo peer te ee Nar ee 
581 MOVBI CGCI, FORMAT i; RESET ALL BUT FORMAT 
582 93 LINE : iia 
583 MOVI GA, RAM_BASE i; GA = RAM BASE PTR ‘. 
584 JNBT. CGC 1. STATUS, WRITE_FAULT,F45 ; JUMP IF NO FAULT | 
585 SETB CGA]. TEMP_STATUS, BAD_ WRITE ; SET ERROR BIT ia 
586 — JMP F50 | 
587 *} r 
988 i i . 
589 ; i - -DECREMENT SECTOR_COUNT AND JUMP IF <> 0 
990 i i | 
591 F45: DEC MC 
592 " NZ MC, F40 
a 3 : Ay 
594 F50: MOVI IX, 26 150 MSEC DELAY 
595 F55: DEC eet th (FOR WRITE GATE 


~~. wwe se ad 


JNZ ‘+ ~ BRYESS TURN OFF) 
MOVBI CGC], CLEAR . SERGF FORMAT ANE; 
MOV Lee. PB1 STATUS, CGA. TEMP _ STATUS. 
, SINTR | i SET INTERRUPT a 
eae 5 es = gs a: 
ae i ee Bi: eae 
"es ¢ 3-115 TOES Wats s Lhe 
i : Pr siete} 3 ae ie =a 
is ; RA , Ry ‘p ely? ‘ ee at Oe 4 : 


WDATA: 


WOS5: | 


‘W10: 


WRITE SECTOR DATA 


CHECK IF DRIVE IS INITIALIZED 


CGC]. STATUS, DRIVE READY, WOS i JMP IF DRIVE RDY 
CGA]. TEMP_STATUS, NOT_READY i SET ERROR BIT 


W50 


INITIALIZE SECTOR VARIABLES 


CGA]. FIND_SECTOR, CPP]. PBi_ CYLINDER i: FIND _ SECTOR 


GB, CPP].PB1_HEAD_SECTOR ; FIND_SECTOR + 2 
CGA]. FIND_SECTOR+2, GB 


_ GB, OFFH © | is SECTOR 


CGA]. SECTOR, GB 
i CHECK SECTOR PARAM 
CGA]. TEMP, MAX_SECTOR-1 i SUBTRACT FROM MAX 


IX, CGA]. SECTOR i VALVE 

IX eS 

IX { 
CGA]. TEMP, IX Hey . 
CGA]. TEMP+1, 7, W10 i JUMP IF POSITIVE 


CGA]. TEMP_STATUS, BAD_SECTOR i SET ERROR BIT 


WSO 


INITIALIZE 8254 FOR WRITE DATA 


GA, LD_CNTRO_54 


CGA], 20 ; CNTRO COUNT = 21 
[GA],0 

‘GA, LD_CNTR1_54 ; } 
CGA], 1 / > CNTR1 COUNT = 258 
CGA], 1 : 


TRANSFER DATA FROM SYSTEM BUFFER TO 
LOCAL BUFFER 


SOURCE POINTER 


GA, [PP]. PB1_BUFR_OFF i 
GB, SECTOR_BUFFER i DESTINATION POINTER 
CGBI], DATA_SYNCH 3 INSERT SYNCH CHAR 
GB, 2 i IN LOCAL BUFFER 
BC, BYTE_COUNT i BYTE COUNT 
CC, BLOCK_TO_BLCICK 
+ GA_SOURCE ) 
+ BC _TFERM_O ; DMA CONTROL 
i INIT DMA 
—616,16 i 16-BIT TO 16-BIT DMA 
CGB],0H ~ 5 i isco ics ZEROS ate 
ee ee mr 


aes 5 Sc SB a Se iia a Yo ac NY Tat ge St vit nits tide a, a Dace cs tie fo coc peisat inl yo. Sh tia ig 
g 5 RO Seas seen sis Eli peas Sie iets 
: iy 
AP-122 

659 ; 

660 $EJECT 

661 i 

662 i 

663 i PREPARE CHANNEL 2’S CCB AND PB 

664 i 

665 i INITIALIZE CCB 

666 LPD GA, CPP]. PB1_CCB OFF i GET CCB ADDRESS 

667 MOVBI CGA]. O8H, START_LOC CCW i; INIT CCW 

668 MOV CGA]. OAH, CPP].PB1i1 PB2 OFF ; INIT PB2 OFFSET 

569 MOV CGA]. OCH, CPP]. PB1_PB2_ SEG ; INIT PB2 SEGMENT 

670 i 

671 i INITIALIZE PB2 

672 LPD GA, CPP]. PB1_PB2. OFF i GET PB2 ADDRESS 

673 MOVI CGA]. PB2_TB2_ OFF, TBLK2 i; INIT TB2 ADDRESS 

674 MOVI CGA]. PB2_ FUNCTION, CMP_ID ; INIT COMPARE CMD 

675 MOVI CGA]. PB2_BUFR_OFF,FIND_SECTOR ; INIT BUFFER 

676 i ADDR 

677 ; 

678 j 

679 j SEARCH FOR SECTOR SPECIFIED IN FIND_SECTOR 

680 i 

681 W20: MOVI IX, MAX_SECTOR i SECTOR_COUNT = MAX 

682 i 

683 W330: MOVI GA, SECTOR _BUFFER i; SOURCE POINTER 

684 MOVI GB, DATA_PORT i DESTINATION POINTER 

685 MOVI BC, BYTE_COUNT + & i; BYTE COUNT 

686 MOVI CC, BLOCK_TO_PORT 

687 & + DEST SYNCH 

688 & + GA_SOURCE 

689 & +'EXT TERM O 

690 & + BC TERM: 0 i; DMA CONTROL 

691 WID 16,16 i 16-BIT TO 16-BIT DMA 

692 MOVI MC, TEST_SECTOR_FOUND i INIT MC 

693 XFER i INIT DUMMY DMA TO 

694 3 DETECT END OF ID 

695 i COMP ARE 

596 MOVB CGC]. CA2, BC i GENERATE CHANNEL 2 

697 i CA SIGNAL 

698 5 er rn 

699 i WAIT FOR CHANNEL 2 

700 i TO COMPARE ID 

701 5 em ne ete et ate eres 

702 JMCNE CGC]. STATUS, W40 ; JUMP IF NOT FOUND 

703 F 

704 EJECT 

705 i 

706 i 

707 F WRITE SECTOR DATA ON DISK 

708 ; 

709 MOVBI CGC], CLEAR i CLEAR READ LINE 

710 XFER i START DMA WRITE 

711 MOVBI C6CI],WRITE + CHAN] 

712 & + ENB XCVR i; OUTPUT WRITE COMMAND 

Fig 3 ee St ean 

714 i DMA OCCURS HERE 


3-117 
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Ee Fis : por re 
3 716 NOP i; TIME DELAY 
a 717 NOP 
: 718 NOP 
3 719 NOP 
; 720 NOP 
ea eaeaar as MOVBI [GCI], CLEAR | ; CLEAR WRITE LINE 
tae 722 i 
Bo P29 MOVI GA,RAM_BASE i GA = RAM BASE PTR 
Ed 724 JNBT CGC]. STATUS, WRITE_FAULT, W50 i JUMP IF NO FAULT 
ches 725 SETB CGA]. TEMP_STATUS, BAD_WRITE i SET ERROR BIT 
tye F726 JMP W50 
fe, 727 j 
728 ; 
729 NO MATCH ON PRESENT SECTOR 
730 i 
2 731 W40: MOVI GA, RAM_BASE ; GA = RAM BASE PTR 
732 JNBT CGC]. STATUS, CRC_ERROR,W45 ; JUMP IF NO ERROR 
733 SETB CGA]. TEMP_STATUS, BAD_ID_CRC ; SET ERROR BIT 
734 W45: MOVBI CGC], ENB_XCVR ;} RESET COMPARE STATUS 
735 MOVBI CGC], CLEAR ; FLIP FLOP 
736 JNZ CGA]. TEMP_STATUS, W50 ; JUMP IF ERROR 
737 
738 DEC IX ; DEC SECTOR_COUNT & 
739 JNZ 1X, W30 LOOP IF <> 0 
740 SETB CGA]. TEMP_STATUS, BAD_ SEARCH : SET ERROR BIT 
741 i 
742 W50: MOV CPP]. PB1_ STATUS, CGA]. TEMP_STATUS 
743 LUBT CGA]. FUNCTION+1, LOOP_ CODE, W20 
744 SINTR ; SET INTERRUPT 
745 HLT 
7465 F 
747 $EJECT 
748 
749 . 
750 READ SECTOR DATA 
7351 i 
752 j een ne en 
753 | 
754 CHECK IF DRIVE IS INITIALIZED 
Pad i 
756 RDATA: JBT CGC]. STATUS, DRIVE_READY, ROS ; JMP IF DRIVE RDY 
757 SETB CGA]. TEMP_STATUS, NOT_READY i; SET ERROR BIT 
758 LIMP R50 
Fe wg i 
, 760. ; 
761 INITIALIZE SECTOR VARIABLES 
762 i 
763 ROS: MOV CGA]. FIND _SECTOR, CPPJ.PB1_ CYLINDER i; FIND_SECTOR 
764 MOV GB, CPP]. PBi_HEAD_ SECTOR i; FIND_SECTOR + 2 
765 MOV CGA]. FIND_SECTOR+2, GB | 3 
746 ANDI — GB, OFFH ; SECTOR 
767 MOV CGA]. SECTOR, GB 
748 | ; CHECK SECTOR PARAM 
769 MOVI CGA]. TEMP, MAX_SECTOR-1 i SUBTRACT FROM MAX 
770 MOV IX, CGA]. SECTOR © ; VALUE 
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ee he ee ee, ame! oc Reese 
ae ~~ | a an =r ; . ee Oe 
1 ‘ Aes 5 xv macy sae Nige 
é . : | Ne ee) Ra : 
771 a SSNOT Sane 4 See PO CONS 2 a feces 
772 INC 1X | Sante eee ve 
Pe ix ae ADD CGA]. TEMP, IX . Pets Vea 
774 JNBT [GA]. TEMP+1, 7, RO7 i JUMP IF POSDTIVE *-.c sie 
775 ) SETB CGA]. TEMP_STATUS, BAD_SECTOR i SET ERROR BIT 3 82 
776 LMP R50 SAS age 
ra es 3 
778 i , . 7 
779 i INITIALIZE 8254 FOR READ DATA 
780 — ; re : | 
781 RO7:— MOVI GA, LD_CNTR1_54 eo 5 eae Regheetee 
782 -MOVBI [GA1,0 ; CNTR1 COUNT = 257 0 © 
783 MOVBI [GA], 1 ~tth i EE See 
784 j | he BS SAW eS 
785 i | 
786 i ZERO SECTOR BUFFER ue 
787 : ; | 
788  MOVI- «GA, SECTOR_BUFFER 
i. i MOVI 1X,0 
790 MOVI BC, WORD_COUNT | hee 
791 R10: MOVI CGA+1X+],0 | pape 
792 | DEC BC . fe eye 
793 JNZ | BC,RIO | : i Ee 
794 METS oe S o Beas 
795 EJECT | , | Bag 
796 i | NS 
797 i N i 
798 i PREPARE CHANNEL. 2’S CCB AND PB 
B00 Sis Y INITIALIZE CGR 
SGirs 4: LPD GA, CPP]. PB1_CCB_OFF i GET CCB ADDRESS 
802 MOVBI CGA]. O8H,START_LOC_CCW i INIT CCW 
B03 MOV CGA]. OAH, CPP]. PBi1_PB2_OFF ; INIT PB2 OFFSET 
804 MOV CGA]. OCH, CPP]. PBi_PB2_SEG ; INIT PB2 SEGMENT 
Boor F “Fae og i he 
806 : 3) INITIALIZE PB2 
807 . LPD GA, CPP]. PB1_PB2_OFF i; GET PB2 ADDRESS 
808 MOVI CGA]. PB2_TB2_OFF,TBLK2 i; INIT TB2 ADDRESS 
B09 ~MOVI CGA]. PB2_FUNCTION, CMP_ID i INIT COMPARE CMD 
810 MOVI CGA]. PB2_BUFR_OFF,FIND SECTOR ; INIT BUFFER 
811- : a 3 ADDR 
812 i 
813 3 ; ; : ' 
814 p58 SEARCH FOR SECTOR SPECIFIED IN FIND SECTOR 
Bi ian | 
816 R20:  MOVI IX, MAX_SECTOR i SECTOR_COUNT = MAX 
817 j ; 
818 R30: MOVI GA, SECTOR _BUFFER -; SOURCE POINTER 
MOVI GB, DATA_PORT eae i; DESTINATION POINTER — 
MOVI, BC, BYTE_COUNT 3 BYTE COUNT 
MOVI CC, PORT_TO_BLOCK 
+ SOURCE_ SYNCH | ue Soe 
+ QB SOURCEI245 4nd oS S49 ees TA 
4+° EQS TERMS ARS cs 
2 BCS TERM OS est DMA CONTROL 
WID ie rere Ee eS re: 16-BIT DMA 
S: ate Sages 
: : a ts 4 i P ie : 


— 
foes ee 
AP-122 3 
* 
827 MOVI MC, TEST _SECTOR_FOUND } INTT MC 
828 XFER i INIT DUMMY DMA TO 
B29 i DETECT END OF ID 
830 i COMPARE 
831 MOVB CGC]. CA2, BC i GENERATE CHANNEL 2 
832 i CA SIGNAL 
833 5 ee reer ee meee ee ee ee ce ae ew es cae wt co es 
834 i WAIT FOR CHANNEL 2 
835 ; TO COMPARE ID > 
836 5, Pe sm eer sin eige ner eee nes tis ier 
837 JMCNE CGC]. STATUS, R40 ; JUMP IF NOT FOUND 
838 i 
839 tEJECT 
840 F 
841 i 
842 j READ SECTOR DATA FROM DISK 
B43 F 
844 MOVBI CGC], CLEAR i CLEAR READ LINE 
845 NOP i TIME DELAY 
B46 NOP 
847 NOP 
848 XFER i START DMA READ 
849 MOVBI CGC],READ + CHANI 
850 & + ENB XCVR i OUTPUT READ COMMAND 
cts J 5 eee mr rnin es a ee cen hin in 
852 i DMA OCCURS HERE 
853 5 ne em tea me en eteone ain win aoe oo ee 
854 MOVI GA, RAM_BASE i GA = RAM BASE PTR 
855 JNBT CGC]. STATUS, CRC_ ERROR, Rae i JUMP IF NO ERROR 
856 MOVBI CGC], CLEAR CLEAR READ LINE 
857 SETB CGA]. TEMP_STATUS+1, BAD _DATA GRC ; SET“ERROR BIT 
858 JMP R50 
859 j , 
860 j 
B4l F TRANSFER DATA FROM LOCAL BUFFER TO 
B62 i SYSTEM BUFFER 
B43 j . 
864 R35: MOVBI CGC], CLEAR i CLEAR READ LINE 
B45 MOVI GA, SECTOR_BUFFER i SOURCE POINTER 
B66 LPD GB, CPP]. PB1i BUFR_OFF > DESTINATION POINTER 
867 MOVI BC, BYTE_COUNT i BYTE COUNT 
868 MOVI CC, BLOCK_TO_ BLOCK 
B69 & + GA_SOURCE 
870 & + BC _TERM_O i DMA CONTROL 
871 XFER i INIT DMA 
872 WID 146,16 i; 16-BIT TO 16-BIT DMA 
873 MOVI GA; RAM_BASE i GCA = RAM BASE PTR 
874 JMP R50 
STS F 
‘B76 ; 
877 F NO MATCH ON PRESENT SECTOR 
878 i 
879 R40: MOVI GA, RAM_BASE — i GA = RAM BASE PTR 
880 JNBT CGC]. STATUS, CRC_ERROR, R45 ; JUMP IF NO ERROR 
881 SETB CGA]. TEMP_STATUS, BAD_ID_CRC ; SET ERROR BIT 
882 R45: MOVBI CGC],ENB_ XCVR i RESET COMPARE STATUS 
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914 i | . 
“ee. i : : 
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917 i ‘ 
918 CP_ID: MOV GA, CPP]. PB2_BUFR_OFF i SOURCE POINTER 
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930 | i PULSE | | 
ese, ss . WID 16,16 i; 16-BIT TO 16-BIT DMA 
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INTRODUCTION _ 


The purpose of this application note is to provide the 
reader with the conceptual tools and factual informa- 
tion needed to apply the iAPX 86/11 to graphic CRT 
design. Particular attention will be paid to the require- 
ments of high-resolution, color graphic applications, 
since these tend to require higher performance than 
those which do not use color. 


The iAPX 86/11 is a microprocessor system which con- 
tains an 8086 CPU and an 8089 Input/Output Processor. 
In the graphic CRT application, the 8089 performs 
DMA transfers from the display memory to the CRT 
controller, and also serves as a CPU for functions such 
as keyboard polling and initialization of the CRT con- 
troller chips. The DMA transfers are done in such a 
manner that they do not tie up the system bus. 


The system is organized so that the 8086 and the 8089 
can perform concurrent processing on separate buses. 
Using the inherent ability of the 8089 to execute pro- 
grams in its own I/O space, the 8086 can successfully 
delegate many of the chores that have specifically to do 
with the CRT display and keyboard, thus reducing the 


8086’s processing overhead. For these reasons, the ca- ~ 


pabilities of the 8086 as a CPU can be more fully utilized 
to perform calculations dealing with the material to be 
displayed. Thus, more complex types of displays can be 
undertaken, and the terminal will also be more 
interactive. ) 


This application note is presented in five sections: 
1. Introduction 
2. Overview of Graphic CRT Systems 
3. Overview of the 8089 
4. Graphic CRT System Design 
5. Conclusions 


Section 2 discusses typical CRT designs, shows how 
performance requirements increase when the capabil- 
ity for color graphics is included, and explains some of 
the system bottlenecks that can arise. Section 3 de- 
scribes the capabilities of the 8089, which can be 
brought to bear to resolve these bottlenecks. Section 4 
gives detailed information for a color graphic CRT sys- 
tem using the iAPX 86/11 (8086 and 8089). 


The reader may obtain useful background information 
on the 8086 and 8089 from iAPX 86,88 User’s Manual. 
It would also.be helpful to read the data sheets on the 
8086, 8089, 2118 Dynamic RAM, 8202 Dynamic Ram 
Controller, 8275 CRT Controller, 8279 
Keyboard/Display Interface, and 2732A EPROM. 


OVERVIEW OF CRT GRAPHIC SYSTEMS 
Typical Design Technique 
A typical microprocessor-based CRT terminal is shown 


in block diagram form in Figure 1. The terminal consists 


CHARACTER 
GENERATOR ROM 


KEYBOARD 
INTERFACE 


SERIAL OUTPUT LINE 
CRT TERMINAL CRT TERMINAL 


PARALLEL INPUT/OUTPUT 
LINES 


SERIAL INPUT LINE 


KEYBOARD 


Figure 1. Typical CRT Terminal Block Diagram 
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of a CRT monitor, monitor electronics, a CRT control- CRT terminal capable of displaying 25 lines of text 4 


ler and character generator ROM, display memory, a 
DMA device, a central processor and associated pro- 
gram memory, a keyboard and keyboard interface, and 
serial and/or parallel communication devices. 


The primary function of the non-graphic CRT controller 
is to refresh the display. It does this by controlling the 
periodic transfer of information from display memory 
to the CRT screen, with the help of the DMA device. 
The central processing unit (CPU) coordinates the 
transfer of information to and from the external 
devices. When information from an external device is 
received by the terminal, the CPU performs character 
recognition and handling functions, display memory 
management functions, and cursor control functions. 
The CPU also interrogates the keyboard interface 
device. If a key depression is detected, the ASCII char- 
acter representing that key is sent to the display 
memory and/or an external device. 


The design shown in Figure 1 could be implemented 
using Intel LSI products. The CPU could be an 8085, 
the DMA device an 8237A DMA controller, the CRT 
controller an 8275, the character generator ROM a 
2708, program memory ROM a 2716, display memory 
2114s (2K x 8), and the keyboard interface an 8279 
keyboard controller. These choices would result in a 


containing 80 characters each. 


As the design is upgraded to add color and graphics 
capability, performance requirements increase accord- 
ingly. The components most likely to require changing 


are the CPU, the DMA device, the CRT controller, and . 


the display memory. Thus, it is desirable at this point to 
examine the operation of these components in more 
detail to provide a foundation for graphic system opera- 
tion. Later we shall give a specific example of a more 
complex display, and examine the performance re- 
quirements imposed. Figure 2 is a block diagram show- 
ing only those components involved with the 
non-graphic CRT refresh function, with more detail 
provided regarding the connecting signal lines. 


The refresh function proceeds as follows. The 8275, 
having been programmed to the specific screen format, 
generates a series of DMA request signals to the 8237A. 


This results in the transfer of a row of characters from — 


display memory to one of two row buffers within the 
8275. From this row buffer, the characters are sent, via 
lines CCO—CC6, to the character generator ROM. The 


dot timing and interface circuitry is then utilized to — 


convert the parallel output data from the character 
generator ROM into serial signals for the video input of 
the CRT. 


VIDEO SIGNAL 


HORIZONTAL SYNC 


TIMING 
AND 
RTI Y 

INTERF, VERTICAL SYNC 


INTENSITY 


Figure 2. Components Involved in the CRT Refresh Function 
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Seventh Line of a Character Row 


Figure 3. Character Row Display 


~ 


oy 


The character rows are displayed on the CRT one line at 
a time. Line count signals LCO—LC3 are applied to the 
character generator ROM by the 8275, to specify the 
specific line count within the row of characters. This 
display process is shown in Figure 3, using a seven-line 


character for purposes of illustration. The entire pro- 


cess is repeated for each row of characters in the 
display. 


At the beginning of the last display row, the 8275 issues 
an interrupt request via the IRQ output line. This inter- 
rupt output is normally connected to the interrupt input 
of the system CPU. The interrupt causes the CPU to 
execute an interrupt service subroutine. This sub- 
routine typically reinitializes the DMA controller 
‘parameters for the next display refresh cycle, polls the 

- system keyboard controller, and executes other appro- 
priate functions. 


Performance Requirements 


In the example we have discussed thus far, a display 
consisting of 25 rows, each containing 80 text charac- 
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ters, with no color or graphic capability, has been as- 
sumed. Such a screen can be represented by 80 x 25 = 
2000 bytes of data. If the screen is refreshed 60 times 
per second, then a total of 120,000 bytes will need to be 
transferred each second from display memory to the 
8275 CRT controller. This figure is well within the capa- 
bility of the 8237A DMA controller, even allowing for 
vertical retrace time and other overhead. In this appli- 
cation then, both the display memory and the system 
bus remain available to the system CPU most of the 
time, and no bottleneck occurs because of the DMA 
transfer process. 


The situation is quite different when a high-resolution, 
color graphics capability is desired. The performance 
requirements are obviously much greater. To derive a 
quantitative requirement it is necessary to choose, even 
if somewhat arbitrarily, a specific display method and 
screen format. The display method chosen for the sys-. 
tem described in this application note is called the 
virtual-bit mapping technique. When this technique is 
used, the graphic material to be displayed is handled on 
a character basis. Figure 4 shows the structure of the 
text and graphic characters used. The text character is a 


AFN-02172A 


RS gt Rae ee 


; ¢ > y 2 Paw . 
aaah ST ee oe << Mad (ae airs 
. < - 


hago age pia i i= Bett fy) TONE “a 
r ; - = pm x ras et ee nae ht, Rat Y 


7x 5 character in an 8 x 5 matrix. The graphic character 
is a4 x 5 matrix. 


The size of a graphic character is the same as the size of 
a text character. In addition, the text characters may be 
in color. The resolution (horizontal) for a graphic char- 
acter is twice as coarse as the dot spacing for a text 
character. One of eight colors may be selected for fore- 
ground and for background within a particular 
character. 


Figure 5 shows how the display character can be speci- 
fied using four bytes. The first byte determines whether 
the character is a text character or a graphic character, 
and specifies the colors for foreground and back- 
ground. If it is a text character, the second byte 
specifies the character with a seven-bit ASCII code, and 


LINE COUNT (LCO-LC2) 


as 


(A) TEXT CHARACTER 
REPRESENTING THE LETTER A. 


the remaining two bytes are not used. If it is a graphics 


character, the second, third, and fourth bytes contain — 


the color specification for each of the twenty distinct 
picture elements (pixels) within the character. Use of 
the foreground color is indicated by a one in the respec- 
tive bit position, while a zero specifies use of the back- 
ground color. 


The screen format chosen has 80 characters per row 
and 48 rows. Thus the resolution (in terms of picture 
elements) is 640 x 480 for text characters and 320 x 240 
for graphic characters. A full screen contains 80 x 48 = 
3840 characters. Thus, a single frame of the display can 


be represented by 3840 x 4 = 15,360 bytes. If the screen | 


were updated 60 times per second, the CRT refresh 
function would require a DMA transfer rate of 15,360 x 
60 = 921,600 bytes per second. 


(B) GRAPHIC CHARACTER 


Figure 4. Character Structure 
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Figure 5. Display Character Specification 
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System Bottlenecks 


It can be seen from the above calculation that nearly 
one megabyte of data must be transferred per second to 
effect the CRT refresh function alone. Even with the 
fastest available DMA controllers, this represents the 
major part of the bandwidth for such devices. When the 
design shown in Figure 1 is used, the system bus must 
also be used by the CRT terminal processor for such 
functions as keyboard polling and communication with 
external devices. In addition, any changes made to the 
material being displayed would require use of the sys- 
tem bus for the purpose of storing the new material in 
the display memory, and possibly also for access to 
system memory during the calculation process. It is 
easy to see, therefore, that severe bottlenecks can oc- 
cur in terms of system bus utilization. Problems involv- 
ing bus contention could also be difficult to resolve. 
Display underruns could become difficult or impossible 
to avoid in some cases, such as when graphics com- 
putations require excessive use of the system bus. 


The situation can be improved substantially if provision 
is made for concurrent processing. One CPU can be 
doing calculations on the material to be displayed, 
while another CPU can be managing the CRT terminal 
functions and the I/O devices simultaneously. Local 
buses can be used for access to the respective program 
memories, with the system bus used only for transfer of 
new display data and for communication between the 
two processors. 


The iAPX 86/11 offers a convenient and economical 
way of implementing this multiprocessing approach. In 


particular,.the 8089 has unique capabilities that simplify 
the design process. 


OVERVIEW OF THE 8089 


Architectural Overview 


The 8089 Input/Output Processor is a complete I/O 
management system on a single chip. It contains two 


independent I/O channels, each of which has the capa- . 


bilities of a CPU combined with a programmable DMA 
controller. 


The DMA functions are somewhat more flexible than 
those of most DMA controllers. For example, a con- 
ventional DMA controller transfers data between an 
I/O device and a memory. The 8089 DMA function can 
operate between one memory and another, between a 
memory and an I/O device, or between one I/O device 
and another. Any device (I/O or memory) can physi- 
cally reside on the system bus or on the I/O bus. The bus 
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width for the source and destination need not be the 
same. If the source, for example, is a 16-bit device, 
while the destination is an 8-bit device, the 8089 will 
disassemble the 16-bit word automatically as part of the 
DMA transfer process. The transfer can be synchro- 
nized by the source, by the destination, or it can be free 
running. The 8089 can effect data transfers at rates up to 
1.25 megabytes when a 5 MHz clock is used. 


Unlike most DMA controllers, the 8089 uses a two- 
cycle approach to DMA transfer. A fetch cycle reads 
the data from the source into the 8089, and a store cycle 
writes the data from the 8089 to the destination. This 
two-cycle approach enables the 8089 to perform opera- 
tions on the data being transferred. Typical of such 
operations are translating bytes from one code to an- 
other (for example, EBCDIC to ASCII) or comparing. 
data bytes to a search value. 


A variety of conditions can be specified for terminating © 


DMA transfers, including single cycle, byte count (up 
to 64K), external event, and data-dependent condi- 
tions, such as the outcome of a masked compare 
operation. 


The CPU in each channel can execute programs in the 


system space (from a memory on the system bus) or in. 


the I/O space (from a memory on a separate I/O bus). 
Thus, complete channel programs can be run by the 
8089 without tying up the system bus or interfering with 
the operation of the system CPU. Figure 6 is a simpli- 
fied block diagram of the 8089, showing how the 8089 
interfaces with these two buses. 


The programs that the 8089 executes may be preexisting 
programs stored in ROM or EPROM, or they may be 
programs prepared for the 8089 by the system CPU. In 
the latter case, the programs are typically in modular 
form, contained in “‘task blocks”’ that the system CPU 
places in a memory location accessible to the 8089. 
During normal operation, the system CPU then directs 
the 8089 to the various task blocks, according to which 
programs are to be executed. The details of how this is 
done are given below under Software Interface. 


The 8089 has an addressing capability of 64K bytes in © 


the I/O space, and thus can support multiple per- 
ipherals, as illustrated in Figure 7. In the system space, 
the 8089 supports 1-megabyte addressing, and is di- 
rectly compatible with the 8086 or 8088, and with Intel’s 
Multibus. The 8089 operates from a single +5V power 


source, and is housed in a standard 40-pin, dual in-line’ 


package. The instruction set for the 8089 IOP is specifi- 
cally designed and optimized for I/O processing and 
control. In addition to being able to execute DMA 
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Figure 6. Simplified Block Diagram of the 8089 


transfers under a wide variety of operating conditions, 
the 8089 can perform logic operations, bit manipula- 


tions, and elementary arithmetic operations on the data 


being transferred. A variety of addressing modes may 
be used, including register indirect, index auto incre- 
ment, immediate offset, immediate literal, and indexed. 


Baek: a The register set for the 8089 is shown in Figure 8. Each 
channel has an independent set of these registers, not 
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accessible to the other channel. Table 1 gives a brief 
summary of how these registers are used during a pro- 
gram execution or during a DMA transfer. Four of the 
registers can contain memory addresses which refer to 
either the system space or the I/O space. These regis- 
ters each have an associated tag bit. Tag = O refers to the 
system space and tag = | refers to the I/O space. More 
details on how the registers are used are given below as 
part of the Software Interface section. 
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. Figure 8. 8089 Register Set 


System Configurations 


The hardware relationship between the host CPU and 
the 8089 can take one of two basic forms—local con- 


figuration or remote configuration. In local configura- ie. 
tion (Figure 9) the IOP shares the system bus interface 
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stricted from accessing the bus until the 8089 returns 
control of the bus to the host CPU. ~ ao hes 


The local configuration is a very economical configura- 


tion in terms of hardware cost, but it does not allow 


concurrent processing, and thus it is not able to really +3 


take advantage of the 8089’s capabilities for indepen- 
dent operation. In the local configuration, the 8089 acts 
as a local DMA controller for the CPU, providing en- 


hanced DMA capabilities and 1-megabyte addressing. ae 


For applications such as the color graphics terminal, 
where system bus utilization (and other overhead) due 
to I/O processing would clearly be excessive in the local 


configuration, it is far more desirable to use the remote — m 
configuration, illustrated in Figure 10. The two proces- — 


sors both access the system bus, but each may have its 
own local bus in addition. Each of the processors may 


or 


sharing the same system address buffers, data buffers, 

and bus timing and control logic. The 8089 requests the — 
use of the bus by activating the request/grant line tothe 
host CPU. When the host relinquishes the bus, the IOP — 
uses all the same hardware, and the host CPU is re- 
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Figure 10. CPU and IOP in Remote Configuration 


on the shared system bus. This creates a much more 
flexible arrangement. Concurrent processing may be 
used, and it is not necessary to synchronize the proces- 
sors. An 8086, for example, may run at 8 or 10 MHz 
while the 8089 operates at 5 MHz. The specific terminal 
design described later in this application note makes 
use of one additional technique to further decouple the 
operation of the two processors. This is a dual-port 
RAM, which is located between the system bus and the 
8089, and serves as display memory and as storage for 
the task blocks created by the 8086 CPU. Details on 
how this dual-port RAM operates are given below in the 
sections describing the terminal design itself. 


Software Interface 


Although the 8089 is an intelligent device which has a 
great deal of ability to function independently when 
managing the course of I/O operations, it typically 
operates under the overall supervision of the host CPU. 
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Figure 11 illustrates the method of communication be- 
tween the CPU and the IOP. The CPU communicates 
to the IOP by placing messages in memory and activat- 
ing the IOP’s channel attention (CA) input. The IOP 
communicates to the CPU by placing messages in sys- 


tem memory and making an interrupt request on one of | 


its system interrupt request (SINTR-1 or SINTR-2) 
outputs. 


The messages in memory take the form of linked 
blocks. These blocks are of the following five types: 


1. System Configuration Pointer (SCP) 

2. System Configuration Block (SCB) 

3. Channel Control Block (CCB) 
. 4. Parameter Block (PB) 

5. Task Block (TB) 
The SCP and SCB blocks are used by the CPU (only 
after reset) to initialize the 8089. The CCB, PB and TB’ 
blocks are used when the CPU wishes to instruct the 
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Figure 11. CPU/IOP Communication 


IOP to perform a particular sequence of operations. 
Figure 12 shows these five blocks and how they are 
linked. The SCP, SCB, CB, and PB must be in memory 
which is accessible from both the CPU and 8089 (either 
system memory or for this application note, dual-port 
memory). The TB may be in either system or 8089 local 
memory. 


The system configuration pointer is always found at the 
same location (FFFF6) in the system memory. The first 
_ time channel attention is activated (after an IOP reset) 
the 8089 reads the system configuration pointer from 
this location. The SYSBUS field contains only one sig- 
nificant bit (Bit 0), designated by the letter W. If W =0, 
the system bus is an 8-bit bus. W = 1 denotes a 16-bit 
system bus. The IOP first assumes an 8-bit bus and 
reads the SYSBUS field. It stores the information as to 
_ the physical width of the system bus, then immediately 
uses this information in the process of fetching the next 
four bytes, which contain the address of the system 
configuration block. 


The addresses used to link blocks are standard iAPX 86, 
88 pointer variables, each occupying two word loca- 
tions in system memory. The lower-addressed word 
- contains an offset, which is added to the segment base 
value (left-shifted four places) found in the upper- 
addressed word to derive the complete 20-bit physical 
address in system memory. If the block is in an I/O 
memory (as a task block might be), only the offset value 
is used. 


After thus deriving the address of the system configura- 
tion block, the IOP reads this block, starting with the 
system operation command (SOC) field. Bit 1 of the 
SOC field specifies the request/grant mode (used in 


local configuration or in multiple-IOP systems). Bit 0 
specifies the I/O bus width (designated I). When I = 0, 
the I/O bus is an 8-bit bus. I = 1 denotes a 16-bit I/O bus. 
The IOP then proceeds to read the double-word pointer 
to the channel control block, converts it to the 20-bit 
physical address, and stores it in an internal register 
(the channel control pointer register). This register is 
loaded only during initialization and is not available to 
channel programs. For this reason the channel control 
block cannot be moved unless the IOP is reset and 
reinitialized. 


The initialization is complete when the channel control 
pointer has been stored. The IOP indicates this by clear- 
ing the busy flag in the channel 1 control block (which 
must be set by the host CPU before the initialization 
sequence began). The host CPU can monitor this flag to 
determine when initialization is complete, and then to 
initialize any other 8089s in the system. 


It is the responsibility of the host CPU to make sure that 
the SCP and SCB have the proper contents before 
issuing the channel attention (CA) that begins the in- 
itialization sequence. After initialization, the host CPU 
must also assure that the channel control block (CCB), 
parameter block (PB), and task block (TB) all have the 
proper contents, before issuing a subsequent CA. 


The CA may be issued in the form of an I/O write 
command to the address of the IOP on the Multibus. 
Figure 13 shows a typical decoding circuit for this write 
command. The IOP actually occupies two consecutive 
address locations on this bus, because the AO line is tied 
to the select (SEL) input of the 8089. A zero on the SEL 
line specifies IOP channel 1 for the impending opera- 
tion, while a one specifies IOP channel 2. 


3-134 aconnak 


ScB ADDRESS FFFFae CONFIGURATION 
POINTER 
SCB RELOCATION FFFFA 


SYSTEM 
ADDRESS CONFIGURATION 


RELOCATION BLOCK 


INITIALIZATION 


2 ee 


7 


ADDRESS CHANNEL CONTROL BLOCK 
CHANNEL 1 


RELOCATION 


vU 
a 


ADDRESS CHANNEL 2 


v 
a 


RELOCATION 


Uv 


TB ADDRESS 


TB RELOCATION i 


PARAMETER BLOCK ‘TASK BLOCK 


1OP TASK 
PROGRAM 


Figure 12. Linked Block Communication Structure 


reads the channel command word (CCW). It then sets ne 
or clears the busy flag (FFH = set, 00H = clear). The eer 

encoding of the channel command word is shown in  =———— 
Figure 14. The CCW provides the IOP with a functional Sa 
command (START in I/O space, HALT, etc.) and 
specifies some of the operating conditions, such as 
interrupt handling, bus load limit, or priority relative to 
the other channel. If the CPU is instructing the IOP to 
execute a program, it is at this point that the CPU 
specifies, via the CCW, whether the instructions are to 
be fetched from the system space or from the 8089’s I/O 


PORT FD = CHANNEL 2 CA space. Refer to iAPX 86,88 User’s Manual for specific 


details on the setting and clearing of the busy flag and on | 
CCW specifications. 


Figure 13. Channel Attention Decoding Circuit 


After the CCW has been read, the IOP reads (if appro- : = : 
. priate to the command) the address of the parameter : 
The channel control block has a section for each chan- block associated with the impending operation, and 


nel. When the CA is received, the IOP goes to the stores the translated address (from the two-word seg- 
section corresponding to the selected channel, and ment and offset pair to the 20-bit physical address) in 


t 
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Figure 14. Channel Command Word Encoding 


the parameter pointer (PP) register. PP is another regis- 


ter which is not programmable by the channel program. 


The IOP then goes to this location in system memory, 
and fetches the address of the task block itself. The task 
block contains the actual program to be executed, while 
the parameter block contains parameters to be used by 
that program. 


Except for the first two words, which contain the task 
block address, the parameter block format is up to the 
discretion of the user. Similarly, the task block may 
have any format whatsoever, as long as the IOP can 
execute the program. The parameter block is always in 
system memory, but the task block may be either in 
system memory or in I/O (local) memory. 


The host CPU may prepare as many parameter- 
block/task-block sets as it wishes. An individual set is 
then activated for execution by placing its parameter 
block pointer in the desired channel’s control block, 
loading the appropriate channel control word, and issu- 
ing a CA to that channel. 


The registers shown in Figure 8 store (in addition to 
pointer variables) various flags and parameters associ- 
ated with the IOP’s operation. Some of these registers 
are loaded automatically with information fetched dur- 
ing the initialization sequence or during channel atten- 
tion processing. Others must be set by executing a 
program using instructions from the IOP’s instruction 
set that are specifically designed for loading these 
registers. 


nn 


Channel programs (task blocks) are written in ASM-89, 
the 8089 assembly language. About 50 basic instruc- 
tions are available. The IOP instruction set contains 
some instructions similar to those found in CPUs, and 
also other instructions specifically tailored to I/O oper- 
ations. Data transfer, simple arithmetic, logical, and 
address manipulation operations are available. Uncon-. 
ditional jump and call instructions are provided so that 
channel programs can link to each other. An individual 
register or even.a Single bit may be set or cleared witha 
single instruction. Other instructions specify condi- 
tional jumps, initiate DMA transfers, perform sema- 
phore operations, and issue interrupt requests to the 
CPU. 


A channel program typically ends by posting the result 
of an operation to a field supplied in the parameter 
block, then interrupting the CPU (if interrupts are en- 
abled) and halting. When the channel halts, its associ- 
ated BUSY flag is cleared in the channel control block. 
The CPU can poll this flag (as an alternative to being 
interrupted) to determine when the operation has been 
completed. 


Timing Details 


The basic bus timing relationships for the 8089 are 
identical to those of the 8086 or 8088, in that all cycles 
consist of four states (assuming no wait states), and use 
the same time-multiplexing technique for the ad- 
dress/data lines. The address (and ALE signal from the 
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8288 bus controller) is output during state T1 for either a 
read or write cycle. During state T2 for a read cycle 
(Figure 15) the address/data lines are floated. During 
state T2 for a write cycle (Figure 16) data is output on 
these lines. During state T3, the write data is main- 


tained or the read data is sampled. The bus cycle is 


concluded i in state T4. 


Figure 17 shows some details on the wait state timing 
and Figure 18 shows the RESET-CA initialization 
timing. 


During DMA transfers, the transfer cycle may be 
synchronized by either the source or the destination. 
Figure 19 (source-synchronized transfers) and Figure 


20 (destination-synchronized transfers) show the — 


relationships among the basic clock cycles, the DRQ 
signals, and the DACK signals. 


The 8089 does not have a DACK output signal. Rather, 
it uses the more general process of issuing a command 


_ (for example, I/O read or write) to an address on the I/O 
s bus.’ This Command é is then hardware decoded to obtain 
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Figure 15. Read Bus Cycle 
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a chip select signal for the addressed devices This Se 
method enables the 8089 to relate to a Vaney of vO- 
devices 1 in a very essere manner. _ 


aceks to accommodate various DRQ latency con 
tions. If maximum efficiency (transfer rate) is desired, ifs = 

is usually possible to remove this latency by techniques — | : 
such as generating an early DRQ. Another possibility is eS ais 
to use the unsynchronized DMA transfer mode (DRQi ig ee 
not examined) and to use the READY signal for = 
synchronizing transfers. The early DRQ technique. will 
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Having examined the requirements for graphic CRT 


bilities of the 8089, we can now proceed to describe a i | 
specific graphic CRT design using i 8089. Oa ; : ee 
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Figure 16. Write Bus Cycle 


System Partitioning 
ONE BUS CYCLE 

Ae ee Oe ee ee The 8086 and 8089 are arranged in the remote configura- 
CLK tion. This assures that concurrent processing can occur. 
TRIVCL* ye] |<—TRIVCLERH| ee} [—TCLRIX* As mentioned earlier, an additional step is taken to 
RDY INPUT Ig ee NE) 228%) 8 AS en further decrease system bus utilization for I/O-related 
processes. This step is the inclusion in the system of a 
he READY NOT READY READY dual-port RAM, located between the system bus and 
the 8089. This dual-port RAM contains the display 
memory and also contains the linked message blocks 


*REFER TO THE 8284A CLOCK GENERATOR/DRIVER . : 
sace'y HOA Neamaer haneaaiatot used for communication between the 8086 and the 8089. 


The system configuration then becomes that shown in 
Figure 17. Wait-State Timing Figure 21. The dual-port RAM becomes the only data 

(Synchronous RDY Input) path between the 8086 and the 8089. Access to this 
memory is time-shared between the 8086 and the 8089, 
with the 8089 taking less than 50% of the total time 


A Fae TE See SP ac 2 we available. Since the 8089 does not access the system 
bus, the host system can enjoy complete freedom to 

; allocate its resources between its own local bus and the 

RESET RAST RE ACTIVE \ system bus. The CPU and the IOP can operate 


asynchronously, with the 8086 running on an 8 MHz 
clock and the 8089 on a 5 MHz clock. 


The division of responsibility between the 8086 and the 
. ) 8089 is then very clearly defined. The 8086 initializes the 
oe, | Figure 18. Reset and Channel Attention Timing 8089 and specifies the task parameters, storing them in 


3-138 AFN-02172A 


OO Ee PRD! AE Sos a2 Se ere a ee Sa ey ee ee. ee eee ie oa ee ee ee ee er Pe te ec hs at ee eeeereeen 
<2 wh pee LE AIRS Ce Pea ae i ; . ‘ q =a2 , a eee a ie) Pee ee ry Pate el tee an ee! smth > 0 ot BEES Be ee sree 
NINERS Rgerlet Se ee aaa fasy here soe : PREY. aks. | tek Vain, ane Sig he ed Lage Be al tg as pe poe a eae Elie i el 
. i ve > PS Se ae pea eae 3 Dy eal at A IE Be ee ee eS > i : f ee ? ate 2 = APP he ee ye 
2 . sf 45 ¢ — os 7 ~ EE aH 3 Oe 4 as, hey ae i ; se n 4 Jt . 4 wok : = or se re ee ce 

ns j pees rel P Pale eee é : poe A 


TRANSFER CYCLE 


FETCH BUS CYCLE STORE BUS CYCLE 


1 _ DRQHOLD 0 IDLE 2 IDLE 4 IDLE  4ORSIDLE 
~<- seal >|<—_ ei eet Sama Pesan abies 
|““FRom READ cLocks’ CLOCKS1 clocks 1 cLocks 2 = 


DRQ FOR NEXT TRANSFER CYCLE 


DRa? 


(FROM 1/O DEVICE) 


DACK 
(DECODED 
/O ADDRESS) 


VALID !/O ADDRESS 
PRESENT 


NOTES: 

1) INDICATES THE NUMBER OF IDLE CLOCKS INSERTED AFTER Tg OF THE STORE CYCLE BEFORE THE NEXT TRANSFER CYCLE 
BEGINS. IF DRQ IS RECEIVED BEFORE THE RISING EDGE OF CLK IN THE CURRENT FETCH CYCLE, THE NEXT FETCH BEGINS 
IMMEDIATELY AFTER THE CURRENT STORE. 

2) IF THE 8089 IS IDLE WHEN DRQ IS RECOGNIZED, FOUR OR FIVE MORE IDLE CLOCK CYCLES OCCUR BEFORE THE 
ASSOCIATED TRANSFER CYCLE BEGINS. (DRQ IS LATCHED ON THE RISING EDGE OF CLK.) 

3) TO PREVENT THE START OF THE NEXT TRANSFER CYCLE, DRQ MUST BE BROUGHT LOW BY THE RISING EDGE OF CLK IN Tg 
OF THE CURRENT FETCH. (FOR B/B—W SOURCE SYNCHRONIZED AND W--B/B DESTINATION SYNCHRONIZED IT MUST BE 
LOW BY THE RISING EDGE OF CLK IN THE FOURTH CLOCK OF THE CURRENT BUS CYCLE INCLUDING WAIT STATES.) 


Figure 19. Source-Synchronized Transfer Cycle 
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Figure 20. Destination-Synchronized Transfer Cycle 
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the dual-port RAM. In many cases, the 8086 also pre- 
pares the task programs and stores them in the dual- 
port RAM, from which they may be downloaded to a 
memory on the 8089’s I/O bus. The 8089 executes the 
task programs (from the dual-port RAM or from a local — 
memory on the I/O bus), while the 8086 simultaneously 
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operations, but they will always generate the display 
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execution has been completed. 
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Figures 22 and 23 show the manner in which the 
memories are organized. Figure 22, which shows the 
memory configuration for the 8086, should be taken as 
an example, since many different configurations are 
possible, according to the user’s application. Figure 23 
shows the memory configuration for the 8089, given the ~ 
particular choices made for the application discussed in 
this note. Of the memories shown in Figure 22, the 2141 
static RAMs and the 2732A EPROMsS are located on the 
8086’s local bus, while the 2816 EEPROM and the 2118 
dual-port RAM are interfaced to the Multibus. The 2816 
is a non-volatile read/write memory equivalent in its : rT Pe ee eee ae 
storage capacity to the 2716 EPROM. | Figure 22. CPU Memory Organization Bes ae 
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8086/8089 Software Interface 


Comparing Figures 22 and 23, it can be seen that the 
2118 dynamic RAM appears in the memory con- 
figurations for both the 8086 and the 8089. In the 8086’s 
system space, this memory occupies addresses F0000 
through F7FFF, while in the 8089’s system space, its 
address range is F8000 through FFFFF. 


Figure 24 shows the organization of the dual-port 
RAM. The addresses given are those seen by the 8089. 
The display data (for the CRT refresh function) is con- 
tained in the two largest blocks—Display Page 0 and 
Display Page 1. Each page contains 15K bytes, enough 
_ to refresh a color graphic screen containing 48 rows of 
80 characters each. In typical operation, the 8086 and 
the 8089 both access the same page of display data. In 
special cases, such as animated displays, the 8089 per- 
forms repetitive DMA transfers from one of these 
pages, while the 8086 is generating new display material 
and storing it in the other page. The display page pointer 
(DSPLY_PG_PTR) in the parameter block specifies 
which of these pages is to be displayed at any given 
time. This pointer may be changed by the 8086, or by a 
command from the terminal keyboard. 


The Command Buffer is a 256-byte area set aside for 
transferring ASCII characters from the 8086 to the 
8089. It is like a second keyboard, scanned by the 8089. 
It takes precedence over any real keyboard activity. 
The COM_8086 flag in the parameter block is used to 
indicate when there are entries in the command block 
area. 


The EEPROM Buffer is a 256-byte area used in connec- 
tion with the non-volatile EEPROM memory, an op- 
tional memory which may be located on the Multibus. 
One use of such a memory would be to store ASCII 


strings, which could then be recalled by the 8086 upon | 


recognition of special keyboard control code 
sequences. 


The Keyboard Buffer is a 256-byte area which serves as 
a storage area for ASCII characters entered from the 
terminal keyboard. When this buffer becomes full, or 
when a return is entered at the keyboard, an end-of-file 
byte is placed after the last entered character, and the 
keyboard buffer full (KBD_BUF_FULL) flag is set in 
the parameter block. This prevents the 8089 from pro- 
cessing any more inputs from the keyboard, until the 
8086 resets KBD_BUF_FULL. 


The Spare blocks total 1K (1024) bytes, and may be 
used for any purpose, according to the user’s 
application. 
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LINKED IOP CONTROL BLOCKS 


DISPLAY PAGE 1 


KEYBOARD BUFFER 
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DISPLAY PAGE 0 15K BYTES 


Figure 24. Organization of the Dual-Port RAM 


The Linked IOP Control Blocks are those which have 
been discussed above, as part of the 8089 overview. The 
specific memory locations are as shown in Figure 25. 
Note that there is only one parameter block, and no task 
blocks present. Only one task block is used in this 
application, and it is stored in the 2732A EPROMs on 
the 8089’s I/O bus. 
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PARAMETER BLOCK 


224 BYTES 


Figure 25. Organization of the Linked 
IOP Control Blocks Area 


As mentioned earlier, the structure of the parameter 
block is very flexible. Only the first four bytes are fixed 


(because of the 8089’s requirements). These four bytes - 


contain the address of the task block. The remaining 
space in the parameter block may be defined by the 
user. The following list shows the parameter block 
structure that is used in support of the channel program 
contained in the 2732A EPROMs on the 8089's I/O bus. 


TP_LSW DW 
TP_MSD DW 
EEP_INH DB 
EEP_BUF_FULEL DB 
EEP_RECALL DB 
COL_CH_INH DB 
KBD_INH DB 
KBD_BUF_FULL DB 
COM_8086 DB 
COLOR DB 
STR_PTR_8086 DW 
BACK_COL_SW DB 
MON_INH DB 
DSPLY_PG_PTR DB 
SCROLL_REQ DB 
MON_HOM DW 
MON_END DW 
MON_LMARG DW 
MON—RMARG DW 
KBD_BUF_PTR DW 
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In the above table, DB represents a one-byte quantity, 


and DW represents a two-byte quantity. 


TP_LSW and TP_MSD are the two words making up 
the task pointer. However, since in this application the 
task program is in the I/O space, only the least- 
significant word (LSW) is fetched. 


EEP_INH, when not equal to zero, indicates that the 


EEPROM buffer is closed to keystrokes or 8086 ASCII 
commands. ; 


EEP_BUF_FULL, when not equal to zero, indicates 
that the EEPROM buffer is full. 


EEP_RECALL, when not equal to zero, indicates that ae | 


the 8089 is recalling the contents of an EEPROM buffer 
area. 


COL_CH_INH, when not equal to zero, inhibits the 
color control keys on the keyboard. 


KBD_INH, when not equal to zero, inhibits the pro- 
cessing of keystrokes (entered at the keyboard) by the 


8089. Up to 6 keystrokes may be saved in the keyboard 


controller and may be processed later. 


KBD_BUF_FULL, when not equal to zero, indicates 
that.a new line of keyboard data needs to be processed 
by the 8086. The 8089 sets KBD_BUF_FULL equal to 
—1 when the return key is pressed. The 8086 resets 
KBD_BUF_FULL to zero after it has read this data. 


COM_8086, when not equal to zero, indicates that 
there are ASCII commands in the command buffer 
areas of dual-port RAM that need to be processed by 
the 8089. . 


COLOR determines the foreground and background 
colors to be used in connection with ASCII characters 
entered at the keyboard, or sent by the 8086 via the 
command buffer area. In the COLOR byte, bits BO—B2 
determine the background color, while B3—B5 deter- 
mine the foreground color. The following code is used: 


000 Black 
001. Red 
010 Green 

011 Yellow 

100 Blue 

101 Magenta 

110 Cyan 

111 White 


STR_PTR_8086 is a two-byte quantity that serves as 


an offset address for the ASCII characters in the com- 
mand buffer. 
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BACK_COL_SW determines whether the 8089 color 
control keys will alter the foreground or the back- 
ground portions of the COLOR byte. If BACK- 
—COL_SW equals zero, the foreground color is 
altered. If BACK _COL_SwW is not equal to zero, the 
background color is altered. 


MON_INH, when not equal to zero, suspends DMA 
transfers by the 8089 from display memory to the 8275s. 
When MON _INH is cleared, DMA will resume. 


DSPLY_PG_PTR determines which of the two display 
pages will be used to refresh the CRT. If DSPLY_- 
PG_PTR equals zero, page 0 will be displayed. If 
DSPLY_PG_PTR does not equal zero, page 1 will be 
displayed. 


SCROLL_REQ is set by the 8089 to indicate to the 8086 
that the cursor is at the bottom of the page, and that key 
entry/command processing has been halted, pending a 
display memory scroll operation. When the 8086 has 
performed this operation, it clears SCROLL_REQ. 


MON_HOM, MON_END, MON_LMARG, and 
MON_RMARG specify, respectively, the upper, lower, 
left, and right boundaries of the region on the screen in 
which keyboard entries will be displayed. 


KBD_BUF_PTR is a two-byte quantity that serves as 
an address for the ASCII characters in the keyboard 
buffer. 


Note that a number of these parameters support op- 
tions (e.g., EEPROM buffer) and are not critical to the 
graphic operation described in this application note. 


8089 Display Hardware Interface 


This section describes the hardware of the peripheral 
processing module (PPM), which includes everything 
between the system bus and the CRT display/keyboard 
unit. The overall organization of the PPM is as shown in 
Figure 21. The dual-port RAM can be accessed from 
either the system bus or the 8089's local bus. The 80839 is 
said to be operating in the system space when it is 
accessing the dual-port RAM, and in the I/O space 
when it is accessing devices on the I/O bus. Included on 
the I/O bus are four 8275 CRT controllers, an 8279-5 
keyboard controller, two 2732A EPROMs, which are 
used to hold channel programs, and four 2114 static 
RAMs, which are used as scratch-pad RAM for the 
8089. 


As explained above (under OVERVIEW OF CRT 
GRAPHIC SYSTEMS, Performance Requirements), 
four bytes are used to specify each character in the 
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display. The first byte determines whether the character 
is a text character or a graphic character, and specifies 
the colors for foreground and background. If it is a text 
character, the second byte specifies the character with 
a seven-bit ASCII code, and the remaining two bytes 
are not used. If it is a graphics character, the second, 
third, and fourth bytes contain the color specification 
for each of the twenty distinct picture elements (pixels) 
within the character. Use of the foreground color is 
indicated by a one in the respective bit position, while a 
zero specifies use of the background.color. 


The structure of the display characters and the formats 
of the individual bytes are shown in Figures 4 and 5. 


The four 8275 CRT controllers on the 8089’s I/O bus are 
used to process the four bytes comprising each charac- 
ter. Since the 8089 can transfer two bytes at a time in 
DMA mode, the four bytes are transferred in two 
stages. In the first stage, the 8089 fetches the first two 
bytes from the dual-port RAM, and transfei's these two 
bytes into the first pair of CRT controllers. In the 
second stage, the 8089 fetches the second two bytes 
from the dual-port RAM, and transfers these two bytes 
into the second pair of CRT controllers. This process is 
repeated 80 times to transfer the 80 characters making 
up each row in the display. 


The distinction between text and graphic characters is 
entirely transparent to the 8089. Four bytes are trans- 
ferred in every case, even though the text information 
only requires two bytes per character. 


We shall now examine the hardware schematics in 
detail, to see how the various functions of the PPM are 
implemented. Figure 26 shows the 8089 IOP and its 
associated bus controller. At the top left are the inputs 
through which the 8089 is controlled. The DRQF signal 
(detailed later) is the DMA request that initiates the 
transfer of two bytes from the IOP to two of the four 
CRT controllers. DRQF comes from the 8275s via a 
one-shot, and is connected to the DRQ 1 input of the 
8089. 


IRQ is an interrupt request that comes from the 8275s. 
It is activated after an entire screen’s video information 
has been transferred from the dual-port RAM -to the 
8275s. IRQ is connected to the EXT 1 input of the 8089. 
It is necessary to program the 8089 to terminate the 
DMA transfer on an external event, in order for this 
signal to be effective. 


CA is the channel attention signal. Upon receipt of CA, 
the 8089 reads the channel control word (CCW) from 
the dual-port RAM. From the CCW, the 8089 deter- 
mines the nature of the operation assigned to it by the 
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Figure 26. 8089 I/O Processor and 8288 Bus Controller 


8086. CA is derived by hardware decoding of an I/O 
write command made by the 8086 to address 00H or 
address 01H on the Multibus. The lowest-order bit of 
this address is used to specify whether channel 1 or 
channel 2 of the IOP is to be selected, and is connected 
to the 8089’s SEL input. In this application, the DMA 
transfers are always performed by channel 1. 


RDY is the ready signal that comes from the 8202 
dynamic RAM controller, and is synchronized by the 
8284A clock generator. RDY is low whenever the 8086 
is accessing the dual-port RAM. The RDY signal is used 
to establish a master/slave relationship between the 
8086 and the 8089, with the 8086 as the master. As 
mentioned earlier, the 8089 accesses the dual-port 
RAM about 50% of the time during DMA transfers. It 
can be seen, referring to Figure 20, that if no idle clocks 
occur, the IOP will access the dual-port RAM during 
the four clock times of the DMA-fetch bus cycle, and 
will access the I/O bus during the four clock times of the 
DM<A-store bus cycle. While the 8089 is doing the store 
operation, the 8086 can access the dual-port RAM. 
Once the 8086 has gained this access, the RDY signal 
will remain low until the 8086 is finished. The 8089 waits 
for RDY to go high before making a subsequent fetch. 
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At 5 MHz, the 8089 requires 3.2 microseconds (16 clock | a 


cycles) to transfer the four bytes representing a graphic 
character from the display memory to the four 8275s, 
assuming that no wait states have been inserted’ be- 
cause of the 8086’s access to the dual-port RAM, or 
because of dynamic RAM refresh functions. A com- 
plete row, consisting of 80 characters, requires 80 x 3.2 
= 256 microseconds. The time allowed to complete the 
transfer of one row must be less than the time it takes to 
display that row on the screen. This latter time is equal 
to 1/50 of the total screen update time, or 1/3000 of a 
second (333 microseconds). Comparing the two figures 
(256 vs 333), it can be seen that there are 77 microsec- 
onds available for such wait states. It is the responsibil- 
ity of the software designer to control the 8086’s access 
to dual-port RAM in such a mannner that the added 


wait states do not total more than 77 microseconds in | 


any span of 333 microseconds. Otherwise, underruns 
may occur and the CRT screen will be blanked. See 


System Performance (below) for further discussion on 


this effect. 


RST is the IOP reset signal, which comes from the 
8284A clock generator. The first CA after RST causes 
the IOP to access address FFFF6 in the dual-port 


RAM, in order to read the system configuration pointer. 
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Outputs from the IOP are the time-multiplexed address 
and data lines, BHE/ (bus high enable), status lines SO, 
S1, and S2, and the system interrupt request lines, 
SINTR-1 and SINTR-2. The interrupt lines go directly 
to the Multibus, and from there they become inputs to 
the 8086’s 8259A interrupt controller. 


Figure 27 shows the I/O address latches and decoder, 
and the circuitry used to generate the DACK/ signals 
for the CRT controllers. The IOP status bit S2 indicates 
whether the IOP is accessing the I/O space or the sys- 
tem space. Latched by ALE (address latch enable), S2/ 
generates IO and IO/. IO and IO/ are used to indicate 
that the 8089 is not accessing dual-port RAM. IO/ goes 
to the dual-port RAM controller. 


_ ALE 
A0/D0-A15/D15 


S38338es 


The DACK/ signals are generated in the following 
manner: 


1. Both 8275 pairs are accessed by the 8089 (DMA 
mode) via port AO0OH. 


2. Hardware is used to select one pair of CRT con- 
trollers (bytes 0 and 1 or bytes 2 and 3). 


3. As the 8089 reads (DMA) the word from the dual- 
port memory, address bit 1 (SA1) is latched with 
the memory read command (MRDC’). 


4. When SAI1 = 0, DACK 1/ is activated. 
5. When SAI = 1, DACK 2/ is activated. 


6. In this manner the 8089 performs alternating 
writes (DMA) to the 8275 pairs. 
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Figure 27. Address Latches, Decoders, and DACK Generator 
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Figure 28 shows the bus transceivers used between the 
8089 and the I/O bus, and also shows the 2732 
EPROMs. 


Figure 29 shows the 2K bytes of 2114 static RAM on 
the I/O bus, which are usedl as scratch-pad RAM for 
the 8089. : : 


an 30 shows the 8279-5 keyboard controller, and 
also shows the 8284A clock generator that produces the 
CLK, RDY, and RST signals for the 8089. For more 
information on interfacing the 8279-5 to the keyboard 
(Cherry Electrical Products B70-OSAB), refer to the 
8279/8279-5 data sheet and application note AP-32, CRT 
Terminal Design Using the Intel 8275 and 8279. — 
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Figure 29. Static RAMs on I/O Bus 
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Figure 30. Keyboard Controller and Clock Generator 
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Figure 31. Character Clock Generator and Video Sync Pulse. 
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For each character, the foreground and background 
color bits are output from Byte 0 and latched into the 
74LS174, from which they are applied to the input of the 
_74LS157 multiplexer. Selection between foreground 
and background is done by the output of the 74LS166 
parallel-to-serial converter, which operates from either 
the text or graphic character generator, as appropriate. 
The roles of foreground and background color may be 
reversed by the RVV (reverse video) signal from the 
8275, which is exclusive-ORed with this color select 
output. 

Since the RBG (red-blue-green) inputs of the color 
monitor (Aydin Controls 8039D) are AC coupled, 
return-to-zero type outputs are needed to pass these 
signals through the input stages. This is provided by 
strobing the gate input of the 74LS157 multiplexer with 
the D CLK (dot clock) signal. By varying the duty cycle 
of the D CLK, the user can produce many different 
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shades of color. The D CLK signal is ORed with the VSP 


(video suppress) signal from the 8275, to produce com- 
plete video blanking when desired. 


Figure 33 shows the CRT Controllers #2 and #3, the 
decoder for the line select function, and latches for the 
video control signals. CRT controllers #2 and #3 are 
operational in graphics mode only. Synchronization of 
the two pairs of CRT controllers is discussed in the 8089 
Display Functions Software section. 


Figure 34 shows the tri-state buffers used to handle the 
color information within a graphic character. The 
decoded line count outputs (ROW 0/—ROW 4/) are used 
to select which buffer is enabled onto the bus. The 
buffer A36, enabled by the GRAPH MODE signal, is 
used to ‘‘double up”’ the four graphic cells to produce 
eight (horizontal) dot inputs to the shift register (Figure 
32). 


CONTROLLER 


DRQ1 
LCO-LC3 


GRAPH MODE 


8275 
V A16 


CRT CONTROLLER #3 


a) 813 


Figure 33. CRT Controllers, Line Decoder, and Video Control Signal Latch 
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Figure 34. Tri-State Buffers for Graphic Color Information 
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Figure 35. Processing of Text Characters 


idee 


eo + 
seers 

iD 

er 


The block diagram in Figure 36 shows how graphic 5. The four pixel signals of the selected r¢ 
characters are processed. The following statements ap- on the row select signals) are transmi 
ply to Figure 36: | other octal buffer. eS CAE 
1. Byte 0, Bit 6 = 1 indicates graphic mode. 6. The octal buffer converts these four bits C 
2. The six color signals from CRT Controller #0 bits by duplicating each signal. Thus, output is 
(three foreground and three background) are and 1 are equal, 2 and 3 are equal, St TG nts 
latched and transmitted to the multiplexer. 7. The eight output signals of the octal buffer are Tete 
3. The three line count signals from CRT Controller transmitted to. the parallel-to-serial converter. - ergs ee 
#1 are transmitted to a one-of-eight decoder 8. The serial, horizontal dot data is transmitted to 
which generates five row select signals (ROW 0- the multiplexer and selects foreground (dot data _ ee a 
ROW 4). ey bit = 0) or background (dot data bit = 1) color _ as 
4. The twenty pixel signals from CRT: Controllers signals. eae Ae Beis 
#1, #2, and #3 are transmitted to three octal. 9. The red, blue, and green color signals are’ rans- 
buffers. . mitted to the color monitor. 2. ane 
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5 iat SF shows the circuit used t to synchronize the cient. To preclude this, the circuit shown in Figure 37 

8275s, and also the circuit used to generate the DRQF generates a surrogate (early) DRQ signal, DRQF, using 

3 signal. As mentioned earlier (see Figure 20), if the 8089 a one-shot triggered by the trailing edge of DRQ (DRQ 1 

ge were to wait for a subsequent DRQ signal from the AND DRQ 2). The one-shot times out prior to the rising 
- 8275s, s some clock cycles would be allocated to idle edge of CLK in T4 of the DMA’s store bus cycle. 

_ Clocks, ae the DMA transfer would become less effi- , | 


Figure 37. Circuits to Synchronize CRT Controllers and Generate DROF 
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Figure 38 shows the relationship between the individual 
DRQ signals from the 8275s and the DRQF signal that is 
sent to the 8089. DRQ 1 is the data request representing 
the 8275s #0 and #1, while DRQ 2 similarly represents 
the 8275s #2 and #3. The DACK 1/ and DACK 2/ 
signals (along with AIOWC/) are used to deactivate 
DRQ 1 and DRQ 2, respectively. 
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Figure 38. Derivation of DRQF Signal 
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Figure 39 shows the multiplexer used to control writ 
of data to the dual-port RAM. When IO and SWTC 
both low, the 8089 data is gated to the dual-port 
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When BDSEL/ and SWTC/ are both low, the 8086 data _ 
is gated to the dual-port RAM. BDSEL/ may be active 
only when the 8089 is in the I/O space. Note that th 
address range for the dual-port RAM is F8000-FFF 
as seen by the 8089, and F0000-F7FFF as seen by the 
8086. ; 
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Figure 39. Multiplexer for Writing to Dual-Port RAM 


Figure 40 shows the demultiplexer used to control read- 
ing of data from the dual-port RAM. The internal trans- 
fer acknowledge (SACK/) signal from the dynamic 
RAM controller latches this data. If MRDC/ is active, 
the data is then gated to the 8089. If BD ENA/ is active, 
the data is gated to the Multibus for transmission to the 
8086. | 
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Figure 41 shows the multiplexer for the address 
to the dual-port RAM. If the IO signal is 
address on the Multibus is gated into the « re 
RAM. If IO is low, the address from the 8089 is gate 
into the dual-port RAM. SES ee 
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‘Figure 42 shows the 8202 dynamic RAM controller. The 


inputs SAO—SA19 come from the multiplexer shown in 
Figure 41. The dynamic RAM controller generates the 
control signals (shown at the right of the page) for 
operating the dynamic RAM. 


Figures 43 and 44 show the dynamic RAM itself. 


SA0-SA19 


Figure 42. Dynamic RAM Controller 
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8089 Display Functions Software 


The 8089 display functions software consists . 7 3 
program which i is executed by the 8089 on a COr nti 
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Figure 43. Dynamic RAM (Low Data Byte) 
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The transfer instruction which causes the DMA 
transfer of the CRT refresh data to begin. 


Polling routines for the keyboard and the command 
buffer. 


Figure 45 is a simplified flowchart showing the relation- 
ships among these three main functions. The program 
begins upon receipt of the second CA (channel atten- 
tion) following an IOP reset. After the initialization 
processes have been completed, the program loops 
continuously, alternating between DMA transfer and 
polling processes. There are 48 rows of characters on 
the screen. The polling processes are carried out during 
the vertical retrace time, which is the equivalent of 2 
rows. Thus, it is easy to see that the DMA process uses 
up 96% of the 8089’s time, leaving 4% for the polling 
processes. 


INITIALIZATION 


CRT 
REFRESH 
(DMA) 


POLLING 


Figure 45. Channel Program Simplified Flowchart 


As mentioned earlier, the channel program is stored in 
the 2732A EPROMs on the I/O bus. Figure 23 (above) 
shows the address assignments for devices on the I/O 
bus. The 2732As occupy addresses 2000-3FFE The 
8089 also uses a scratch-pad static RAM (2K bytes at 
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addresses 0000-07FF). The CRT controllers are ac- 
cessed by using addresses 4000 and 6000 on the I/O 
bus. Address 6000 is ‘“CRT Controller 1”’ and actually 
refers to the first pair of 8275s. Address 4000 is ‘‘CRT 
Controller 2,’’ the second pair of 8275s. Address 8000 is 
a clock enable address. Write commands to this address 
enable or disable the GC clock, which is the character 
clock for the 8275s. Address A000 is decoded to pro- 
duce the DACK signal for the 8275s. Address C000 is 
the address of the keyboard controller. 


The exact manner in which the channel program ex- 
ecutes depends on the flag settings and parameter 


_ values in the parameter block. 


Appendix A is a flowchart for the complete channel 
program. Appendix B is the corresponding ASM-89 
assembly language listing. In the paragraphs to follow, a 
general overview of the channel program is given. The 
reader may refer to the flowchart and listing if a more 
detailed description is desired. 


The first CA after IOP reset causes the 8089 to fetch the 
system configuration pointer (SCP) and system configu- 
ration block (SCB) from dual-port memory. These 
blocks contain certain very basic system-level informa- 
tion for the 8089, as explained above under Overview of 
the 8089. 


The next CA causes the channel program to begin ex- 
ecution (at the point marked START on the flowchart). 
The initialization portion of the channel program con- 
sists of the following operations: 


Start and initialize the 8275 CRT controllers. 
Initialize the 8279 keyboard controller. 

Initialize the dual-port variables (parameter block). 
Synchronize the 8275 CRT controllers. 


To initialize and synchronize the 8275s, the channel 
program performs the following operations: 
Enable the GC CLK to the 8275s by writing 01H to 
I/O port address 8000H. 
Send the Reset command to the 8275s, followed by 
the four screen format parameters (all commands 
sent to the 8275s are sent first to the pair of 8275s at 
address 6000H and then repeated for the second pair 
of 8275s at address 4000H). 3 
Send the Preset Counters command to the 8275s. 


Disable the GC CLK by writing 00H to address 
8000H. 


Send the Start Display command to the 8275s. 


Enable the GC CLK again by writing 01H to address 
8000H. The 8275s are now initialized and 
synchronized. 


AFN-02172A 


Sst s 5) a ee sith iihex pele a a bitahss 


After the initializations have been completed, the chan- 
nel program enters its main loop. The 8089 channel 
control register is loaded to specify the following DMA 
conditions: 


Data transfer from memory to I/O port. 
Destination-synchronized transfer. — 
GA register pointing to data source. 
Termination on external event. 
Termination offset = 0. 


The source for the DMA transfer (display page 0 or 1) is 
then selected according to the value of DSPLY_- 
PG_PTR (the display page pointer initialized by the 
host CPU) in the parameter block. The CRT character 
clock is then started and the DMA transfer begins. 
When the entire screen has been refreshed, the 8275s 
activate the 8089’s EXT input. 


The 8089 then executes the SINTR instruction, which 
causes an interrupt to be sent to the 8086 (SINTR-1 line 
on the Multibus), to notify the 8086 that the page trans- 
fer has been completed. The 8089 then reads the CRT 
controller status registers which causes the IRQ signal 
(from the 8275s to the 8089) to be reset. 


The channel program then begins the polling process 
which checks for ASCII commands from the 8086 (in 
the command buffer) and also for key depressions at the 
keyboard. In addition to the alphanumeric characters, 
the channel program recognizes the following control 
characters: 


CNTRL-W 


17 Set Color to White 
CNTRL-X 18 Abort Line 
CNTRL-Y 19 Cursor Right 
CNTRL-Z 1A Cursor Down and Left 
CNTRL- 1E Cursor Up 
CNTRL-/ 1C Cursor Home 


ee ee a ece epee 


Pat: ress “ii 


Character © Code = Description 
CNTRL-A 01 Monitor Inhibit 
CNTRL-B 02 Monitor Uninhibit 
CNTRL-C 03 EEPROM Inhibit 
CNTRL-D 04 EEPROM Uninhibit 
CNTRL-E 05 Turn on EEPROM Buffer 
CNTRL-F 06 Display Page 0 
CNTRL-G 07 Display Page 1 
CNTRL-H 08 Backspace . 
CNTRL-I 09 TAB (Every 8 Characters) 
CNTRL-J 0A Linefeed 

CNTRL-K OB EEPROM Buffer Off 
CNTRL-L 0C Erase Page 
CNTRL-M 0D Carriage Return 
CNTRL-N OE Set Background Color 
CNTRL-O OF Set Foreground Color 
CNTRL-P 10 Set Color to Black 
CNTRL-Q 11 Set Color to Red 
CNTRL-R 12 Set Color to Green 
CNTRL-S 13. Set Color to Yellow 
CNTRL-T 14 Set Color to Blue 
CNTRL-U 15 Set Color to Magenta 
CNTRL-V 16 


Set Color to Cyan 
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CNTRL-DEL . 1F Recall EEPROM Buffer 


The first four commands listed above are not recog- | 


nized if they originate from the physical keyboard, but 
are recognized if they appear as ASCII commands in 


the command buffer (that is, if they come from the | a 


8086). Refer to the flowchart (Appendix A) for more 
details on how the channel program responds to the 
control characters. 


System Performance 


i 


The 8089 performs DMA transfers on 921,600 bytes of © 


display data per second. In addition, the 8089 executes 
a polling routine (described above) during the vertical 
retrace time (the equivalent of two display rows). The 
DMaA transfer (for a single frame) takes 16.000 millisec- 
onds. This leaves .667 milliseconds for the polling 
routine to execute, out of a total of 1/60-second CRT 
refresh period. The program listed in Appendix B takes 
about 300 microseconds to execute, approximately half 
the available time. When the polling process is finished, 


the channel program goes back to DMA mode, and 


waits for the first DRQ signal from the 8275s. 


While the polling routine is executing, the 8089 makes 


most of its memory accesses in the I/O space, and the 
dual-port RAM is available to the 8086. When the 8089 


returns to the DMA routine, however, it hangs the © 


dual-port RAM while waiting for DRQ. This occurs 
because the fetch from the dual-port RAM deactivates 
the IO signal which locks out the 8086 from the dual- 


port RAM. The IO signal is then not activated until _— 


DRQ is received and the data is written to the CRT 
controllers. This can adversely affect system through- 
put. Therefore, if it is desired to increase the 8086’s 
access to the dual-port RAM during this period, the 
user should insert NOPs into the channel program so 
that it spends more time in the I/O space before return- 
ing to DMA. 


The 8086 may also access dual-port RAM during the 
DMA transfer. The dual-port RAM is available to the 
8086 on approximately a 50% duty cycle (during the 
store portion of the DMA transfer cycle). The 8089's 
store cycle is 800 nanoseconds long (assuming a SMHz 
clock). The 8086’s access to dual-port RAM (assuming 
an 8 MHz clock) takes 500 nanoseconds. However, 
since the two processors operate asynchronously, the 
8086 may begin its access at any point during the 8089’s 
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DMaA store cycle. Since the 8086 is the master relative 
to the dual-port RAM, the ready signal for the 8089’s 
_ next fetch operation will not be generated until the 8086 
is through. Thus, on occasion, the 8089 will have to 
wait. 


Each row of characters requires 256 microseconds of 
DMA transfer time if no such wait states occur. The 
repetition rate for rows of characters is 333 microsec- 
onds (1/3000 second). Thus, the: accumulated wait 
states due to the 8086’s access to dual-port RAM may 
total 77 microseconds before any underrun occurs. The 
8086 programs should be written in such a manner that 
the added wait states do not total 77 microseconds 
during any one period of 333 microseconds. The most 
important single factor in assuring this is to avoid mak- 
ing long burst transfers to or from the dual-port RAM. 
If an underrun does occur, the entire screen will be 
blanked until the beginning of the next frame. 


Aside from the shared access to dual-port RAM, the 
two processors may operate concurrently with no coor- 
dination necessary. Operations performed by the 8086 
(such as numeric processing of display data) may be 
programmed without regard to the overhead associated 
with IOP operations. 


Conclusions 


This application note has demonstrated that a high- 
performance, color-graphic CRT terminal can be con- 
veniently built using the Intel iAPX 86/11 
microprocessor system. This system utilizes a high- 
performance 8086 CPU operating at 8 MHz and an 8089 
I/O processor operating at 5 MHz. 


In particular, the unique abilities of the 8089 lend them- 
selves to the graphic CRT application by enabling a true 
multiprocessing approach to be used. The following list 
summarizes the capabilities used in this specific design: 
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High-speed DMA transfers (up to 1.25 mega- 
bytes/second) without wait states. 


Capabilities of a CPU and a DMA controller in a 
single 40-pin package. 


Support of concurrent operation for the system CPU 
and the I/O processor. Ability to access memory and 
address devices on both a system bus and a separate 
I/O bus. 


Flexible, memory-based communications between 
the. I/O processor and the system CPU. 


Capability for 1-megabyte addressing in the system 
space. 


Capability for 16-bit DMA transfer, with external 
event termination. 


Support of modular, subsystem development effort 
due to the simple software interface (memory-based 
communications, plus channel attention and inter- 
rupt signals) and the simple hardware interface (CA, 
SEL, and SINTR lines). 


The following 8089 capabilities were not used in the 
design described in this note, but may be useful in other 
graphic CRT systems or I/O processing systems: 


Two channels, each of which may execute instruc- 
tions and perform DMA transfers. 


Bit manipulation instructions. 


Support of both 8-bit and 16-bit bus width in the 
system space and in the I/O space. 


Enhanced DMA capabilities, including: 
Translation (e.g., ASCII to EBCDIC code). 
Termination on masked compare. 


Word assembly/disassembly (8-bit word to/from 16- 
bit word). 


Memory-to-memory or I/O-to-I/O transfer. 
‘Synchronization on source, destination, or neither. 
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1 i; eegee 
2; 8089 DUMB TERMINAL PROGRAM Shae 
oi ee 
4;  B.K. NELSON iat 
3 i : ee 
6; STARTED: 4/30/80 — Seas 
7; LAST CHANGE: 8/12/80 : 
S. 3 
9 i THIS PROGRAM INITIALIZES FOUR 8275 CRT CONTROLLERS AND re 
10 ; 8279 KEYBOARD CONTROLLER. ASCII INFORMATION FLOW MAY FOLL 
11; THESE PATHS: 
12 i KEYBOARD TO 8086 COMMAND INTERPRETER 
13 i KEYBOARD TO 8086 EEPROM ROUTINE 
14 ; KEYBOARD TO MONITOR © | 
iss 8086 TO MONITOR Eo 
16 ; EEPROM TO 8086 COMMAND INTERPRETER 
| & ae EEPROM TO 8086 EEPROM ROUTINE 
18 ; EEPROM TO MONITOR 
if“) 
20; COMMAND CODES ARE: 
21 ;KE 
22 i- - 7 CNTRL-A MONITOR INHIBIT 
23 i- - CNTRL-B MONITOR UNINHIBIT 
24 j;- - LS OMTRE=C EEPROM INHIBIT 
25 i- - CNTRL-D EEPROM UNINHIBIT 
26 i- - CNTRL-E TURN ON EEPROM BUFFER 
27 i- - CNTRL-F DISPLAY PAGE O SELECTED 
28 i- - CNTRL-G DISPLAY PAGE 1 SELECTED 
29° ;0 X CNTRL-H BACKSPACE (CURSOR LEFT) 
30 4X" x CNTRL-I TAB (EVERY 8 CHARACTERS) 
31 5X X- CNTRL-J LINEFEED (CURSOR DOWN) 
3205 Ki- CNTRL-K TURN EEPROM BUFFER OFF 
Bo:-7% x CNTRL-L ERASE PAGE | ; 
aa 3K: x CNTRL-M CARRIAGE RETURN A 
35 -5-%-x CNTRL-N TURN OFF BACKGROUND/ FOREGROUND - 
B36 iX X CNTRL-O TURN ON BACKGROUND/FOREGROUND* 2 
SF “PX -% CNTRL-P SET COLOR TO BLACK | ee! 
36 5X xX CNTRL-@ SET COLOR TO RED Peis 
oo 3% x CNTRL-R GREEN pac 
40 iX X CNTRL-S YELLOW #3 
4i-5X% & CNTRL-T BLUE : 
42 iX X CNTRL-U MAGENTA 
i hee oe CNTRL-V CYAN 
44 ;X X CNTRL—W WHITE 
AS /a xX: CNTRL-X ABORT LINE 
46 iX X CNTRL-Y MOVE CURSOR RIGHT : 
AP % CNTRL-Z_ MOVE CURSOR DOWN AND LEFT ge 
48 iX xX CNTRL-* MOVE CURSOR UP | iS 
+ MD XX CNTRL-\ HOME CURSOR jell 
50 ;- - CNTRL-DEL RECALL EEPROM BUFFER 7 eee ey 
ae Stor 3 580 Rare ea Sok erg dy POP PSCC 6 Se ey ae 5 eh Rete Soe 
“ — ae Be es Be, ist 3475 . oe gies Age Sea hanes et pe oa ee eee 
e) a a$: = ; y poh aede AS ES ee Re a a Re te See avy ¥e SS eh £ e 
4 “ <e ; pia Tse Sc ane re Sntaebe ae as" 2 
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APPROPRIATE KEYBOARD AND EEPROM BUFFER ACTION CONNECTED WITH / 


See STAT 
KEY. 


Bee SHARAC TER IS STORED IN THE EEPROM BUFFER ONLY IF THE OPERAT/ 

— =ION © 

WAS PERFORMED ON THE MONITOR. 
| SEGMENT 


7 CRT _PARAM: 


CRT_ _COM_STAT: 


69 CRT. _REGS 


73 KYBD _REGS 


KBD _DATA: 
KBD_COM_STAT: 


o 76 KYBD_REGS 
28 de eae 


TP_LSW: 
TP_MSD: 
EEP_INH: 


EEP_BUF_FULL: 
- EEP_RECALL: 
COL_CH_INH: 


KBD_INH: 


KBD_BUF_FULL: 


COM_8086: 
COLOR: 


STR_PTR_80864: 


BACK_COL_SW: 
MON_INH: 


DSPLY_PG_PTR: 


SCROLL_REQ: 


NEW_CHAR_FLAG: 


NEW_CHAR: 


~ MON_HOM: 
‘MON_END: 
} MON LMARG: nate ty 

ean Ee: 


X 


KEYSTROKE NOT STORED IN BUFFER 
KEYSTROKE STORED IN BUFFER 
0 OPERATION PERFORMED ON BUFFER 


STRUC 


DW 
DW 


; 9279 REGISTERS 


ENDS 


STRUC 


DW 
DW 


ENDS 


Re ee Re ee 


i 
ra) 
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"*. 7 
43 


_ REPRESENT TH/ 


bs 


LINE 
106. 


107 


108 
109 
44:0 
ree 
112 
‘tid 
114 
115 


116 


ELy 
118 
119 
120 
121 
pe 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 


138 


139 
140 
141 
142 
143 
144 
145, 
146 
147 
148 
149 
150 
151 
152 
153 


154 


155 
156 
157 
158 
159° 


SOURCE 


KBD BUF PTR: DW 1 : 


E2 MON_INH: DB 1 


DP_RAM FLAGS ~~ ENDS- 


; DISPLAY CHARACTER STRUCTURE 
CHAR_DEF STRUC 
COLOR_MODE: DB l 
ASCII_GRAPH1: DB 1 
GRAPH 2AND3: DB s 
GRAPH 4AND5: DB 1 
CHAR_DEF ENDS . 
; PRIVATE 8089 FLAGS 
STAT_RAM_FLAGS STRUC 
STACK: DW 1 
STACK_MSD: DW baa 
DW . it 
| DW 1 
EEP_BUF_PTR: DW 1 
saee 
LINE_CNT: — DW 1 
CHAR_CNT: DW 1 
ASCII: DB 1 
ASCII_TEMP: DB 1 
CURSOR_X1: DB “4 
CURSOR_X2: DB 1 
CURSOR_Y1: DB 1 
CURSOR_Y2: DB 1 
LINE_TEMP: DW i 
_ CHAR_TEMP: DW 1 
-PAGE_INDEX: DW 1 
STAT_RAM _FLAGS ENDS 
i ADDRESS EQUATES 
STAT_RAM -EQU ——-Q0000H 
CRT1 EQU 04000H 
CRT2 EQU —- O4000H 
CLK_EN EQU  OBO000H 
CRT_DATA EQU OAO00OH 
KYBD EQU OCOOOH 
DSPLY_PAGEO EQU — OF8000H ~ 
DSPLY_PAGE1 EQU OF COOOH 
OFBDOOH 


COM_BUF = 
| ~ OFBEOOH 


LINE 


163 
164 


san 


‘SOURCE. 


; 


. EOF 
7 CRT_RST. 


CRT_PARAMI 
CRT_PARAM2 


70 CRT_PARAM2 


CRT_PARAM4 


172 CRT_CURSOR 


CRT_CNTR 


174 START_ DISP 


5 END_DISP_PG 
7@ KBD_STR_SET 
" KBD_PRG_CLK 


178 KBD_FIFO_RD : 
: j PHRHHKHHHHHKHHKRHHKHHRHHHHHRKHHHHHHHHHHHHHHHHRHRHHHEHHEHEHHR 


5p RHEE 


3 a eos 


i DATA/COMMAND EQUATES 


EQU OFFH 
EQU OOOH 
EQU O4F4FH | 
EQU O4F4FH 
EQuU 04444H \ 
EQU 00606H 
EQuU O8080H 
EQU OEQEOH 
EQU 02020H 
EQU 15360 
EQU 006H 
EQU 034H 
EQU O50H 


INITIALIZATION eee 


j HHHHHHKKHKKHKKHKRHHKHHHKHKRHHHHHRHRHHHHHRHHHHEHHHEREREH 
, ‘ ° 


i 


TURN ON THE CRT CHARACTER CLOCK AND RESET THE 


“186 START: 


MOVI 
MOVI 
MOVI 
MOVI 
MOV I 
MOVI 


‘ ‘. = = = 


MOVI 
MOVI 
MOVI 
MOVI 
MOVI 
MOVI 
MOVI 
MOVI 


MOVI 
MOV I 
MOVI 
MOVI 
MOVI 
MOVI 


MOVI 
— MOVI 


194 CRT CONTROLLERS 


GB, CLK_EN 
[GB], 001H 

GB, CRT1 

GC, CRT2 

[GC]. CRT_COM_STAT, CRT_RST 
[GB]. CRT_COM_STAT, CRT_RST 


SUPPLY THE FOUR PARAMETER BYTES THAT SPECIFY 
80X48 CHARACTERS, TRANSPARENT ATTRIBUTES, AND 
A BLINKING UNDERLINE CURSOR 


CGB], CRT_PARAM1 | 
CGB], CRT_PARAM2 
[GB], CRT_PARAM3 
CGB1,CRT_PARAM4 
[GC], CRT_PARAMI 
[GC], CRT_PARAM2 
[CGC], CRT_PARAM3 
[GC1, CRT_PARAM4 


i SET CURSOR TO UPPER LEFT CORNER OF MONITOR 


[GC]. CRT_COM_STAT, CRT_CURSOR 
[GC], OOOH | 

[GC], 000H 

[GB]. CRT_COM_STAT, CRT. CURSOR 
[GB], 000H 

[GB], 000H 


9 § «= SYNCHRONIZE 8279 TER BY RESETTING COUNTERS 


rec. CRT_COM._ STAT, CRT_CNTR: > 
CGB]. CRT. _cOM STAT, CRT_ CNTR 


Ni ee Bo ae 


a 


eae 


ies ee ee ee 
ae <s * eal % i Ss sap ee 0 ai ie oa Ss, pia a Os “<b 4 ee 
Ba a bg eS ‘ oe ey 
LINE SOURCE 
220 MOVI GC, STAT_RAM 
221. . KOVBI CGC]. CURSOR_X1,; OOOH 
222 MOVSBI CGC]. CURSOR_X2, OOOH 
223 MOVBI CGC]. CURSOR_Y1, QOOH 
2e4 | MOVBI [GC]. CURSOR _Y2, OOOH 
ee i "€; ? 
22h i INITIALIZE 98279 KEYBOARD CONTROLLER 
ee7 3 ' : 
228 MOVI GB, KYBD 7 pe 
229 ; MOVI C6GB1. KBD_COM_STAT, KBD_STR_SET Mises 
230 3 MOVI [GBI]. KBD_COM_STAT, KBD _PRG_CLK ae 
231 : MOVI. CGB]. KBD_COM_STAT. KBD_FIFO_RD ss 
232 i | | 1 
233 ; INITIALIZE 8089 FLAGS yeaa 
234 ; ; P 
235 MOVI GC, STAT_RAM 
236 LPDI GA, DP_PB Pee 
cs San MOVI C6C]. LINE_CNT, OOOH 
238 MOVI CGC]. CHAR_CNT, OOOH 
239 i | : 
240 i ; | 
241 MOVBI > CGA]. EEP_INH, OFFH | 
242 - MOVBI CGA]. EEP_BUF_FULL, OOH 
243 MOVBI CGAJ. EEP_RECALL, OOH- 
244 MOVBI CGA]. KBD_INH, OOH 
245 MOVBI CGA]. KBD_BUF_FULL, OOH 
246 MOVBI CGA]. COM_8086, OOH 
247 MOVBI CGA]. COLOR, 038H 
~_ | - aia MOVBI CGA]. BACK_COL_ SW, OOH 
249 —  MOVBI- CGA. COL_CH_INH, OOH 
250 | MOVBI CGA]. SCROLL REQ, OOH 
251 MOVBI CGA]. DSPLY_PG_PTR, OOH 
252 MOVBI CGA]. MON_INH, OOH 
253 MOVBI CGA]. E2_MON_INH, 0 
254. MOVI CGA]. MON_HOM, OOH ~ 
255 MOVI CGA]. MON_END, 048 
256 MOVI “£GAJ. MON_RMARG, 080 
257 MOVI CGA]. MON_LMARG, OOH 
298 i 2 
259 i INITIALIZE 8089 POINTER 
260 i | 
261 - MOVI | CGC]. EEP_BUF_PTR, OOH 
262 ~MOVI CGA]. STR_PTR_8086, OOH 
263 : MOVI CGA]. KBD_BUF_PTR, O0O0H | 
2HA 5 HHHHHHHHHHHEHHHHRHHHHHKHHHEKRHHRRHHHHHHERHHEHHHREHHEHEE 
265 ;HHHHHHHHHEH EXECUTIVE 2#HRHHHHHHHHHHHHHHHHRHREHH 
246 ; HHH HEHE RRR AKER HEHEHE E RHEE EEE 
267 i 
268 i DMA SET-UP 
249 ; re : 
2r7u3 LOAD CHANNEL CONTROL REGISTER TO SPECIFY: 
R7L 4 MEMORY TO PORT 
272 i SYNCHRO ON DEST Tae 
273 i ; GA POINTS TO SOURCE ) 
274 ; | TERMINATE ON (EMT coos 
275 ; TERMINATION OFFSET=O 88282 
i TES 5 Pe Fee 3 Syoe oe: pes ae es Pee aE as 
Be et Dae a a ay ig Pa 


: ae es Oty CU EN 


ek oye MOVI  £GCJ, 00H ; INHIBIT CHAR CLOCK 

Sess ae eee ; : - 47 ON 8275 TO SYNCHRONIZE 
eas? | SRO NOVI GC, CRT1 
Petar eek. , MOVI [GC]. CRT_COM_STAT, START_DISP | 
ft i Be MOV I GC, CRT2 

eee a MOVI [6C]. CRT_COM_STAT, START_DISP 

284 DMA_LP: | 

tees . MOVI CC,05120H 
ian: A : 286 ‘ 


SETUP DESTINATION AND THEN 
SOURCE ACCORDING TO DISPLAY PAGE 


me 
co 
co NM 


289 i; POINTER | 
290 5 : 
eC MOVI  GB,CRT_DATA 
My i ee LPDI GA, DSPLY_PAGEO 
et ID LPDI GC, DP_PB 
ek jae JZB [GC]. DSPLY_PG_PTR, SOURCE_OK 
Seis 5, A> Brae LPDI GA, DSPLY_PAGE1 
SRE A SOURCE _OK: | 
eet 4 7 eee JNZB [GC]. MON_INH, DMA_BYPASS i; IF THE MONITOR IS INHIB/ 
a ees -ITED 
298. 3 i BYPASS THE DMA 
Pees ee JNZB [6C]. E2_MON_INH, DMA_BYPASS_1 
Nae tae MOVI GC, CLK_EN 
tae Spear 301 i - 
«802 5 ~=START CRT CHARACTER CLOCK AND BEGIN DMA © 
Rese 9 oc Taare ; 
304 — XFER 
Hat AOS MOVI CGC], 01H 
SS 808 SINTR 
Ba’ .* 9 Cae alee 


-G OF THE 


309 i INTERRUPT DRIVEN SECONDS COUNTER MAY BEGIN 
3 10 i 
<3 Soe ; ‘ f 
312 ; READ CRT STATUS REGISTERS IN GRDER TO RESET IRQ 
< >) Oe ew 
314 MOVI GC, CRT1 
B15 MOV GA, LGC]. CRT_COM_STAT 
eet T- MOVI GC. CRT2 
CTE ae MOV GB, [GC]. CRT_COM STAT 
318 UMP DMA_BYPASS 


319 _DMA_BYPASS_1: 


320 MOVI 605.120 
321 E2_WAIT_LOOP: . 


. 322 MOVI GB, 300 


«323 ~E2_INNER_LOOP: 

iene Hy DEC CB 

= 325 JNZ GB, E2_INNER_LOOP 
326 DEC ec 
327 2 a2 GC, E2_WAIT_LOOP 


ees DMA_BYPASS: 
330 ; CHECK FOR STRING FROM 8086. 


sie eS IT HAS PRIORITY OVER KEYBOARD 
Ee: 3-180 


~ a= a ¢ . S 5 - ~ 7 - ~ 4 ’ ~ i. » 3 a "Y it Th 
5 =. = a cae pat “iz ttn | * 3 a Te:  ? ‘* ee. Ss | b. VES. Fc 2a i ee = 


308 ; SIGNAL THE 8086 THAT END OF FRAME HAS OCCURED AND THE UPDATIN/ 


Rae er ee Ee : “t ! ee i 
aaee. — pie Ae Noes aie re he ed es pes 
7 i eee 
SOURCE Lie 3 
LPDI GC, DP_PB | 
JNZB CG6C]. COM 8086, STRING _86 
; CHECK 8279 KYBD STATUS 
MOVI GB, KYBD 
MOVB GA, CGB]. KBD CoM. STAT tie 
ANDI GA, OFH atk 
LUNZ GA, READ_KYBD ; KEY DOWN | | 
; UPDATE THE CURSOR POSITION © +} ‘ 
CURSOR_UPDATE: ‘ 
LPDI GC, DP_PB 
; CHECK FOR 86 COMMAND CHARACTER MODE AND PROCESS 
; THE NEXT BYTE re 
JZB CGC]. COM_8084, COM_STR_BYPASS age 
INC [6C]. STR_PTR 8086 BS 
JMP GET_COM eae 
COM_STR_BYPASS: mee 
MOVI GB, CRT1 oo 
MOVI GC, STAT_RAM = 
MOVI - (CGBI. CRT_COM_STAT, CRT. CURSOR ero Resp 
MOVB GA, [GC]. CHAR_CNT ;SET UP FOR X pOnT THOM 
MOVB [GC 1. CURSOR_X1,GA ;CURSOR QUTPUT | Ver es 
MOVB [GC]. CURSOR_X2, GA ;BY DOUBLING UP asl 
MOVB GA, CGC]. LINE_CNT : creme a 
MOVB [GC]. CURSOR_Y1,GA ; SAME FOR Y POSITION BO ae 
MOVB [GC]. CURSOR_Y2; GA eee cS 
MOV CGBJ, [6C]. CURSOR_X1 ine 
MOV CGB], CGC]. CURSOR_Y1 ae 
MOVI = GB, CRT2 ;DO IT FOR ALL ane 
MOVI CGB]. CRT_COM_STAT. CRT_CURSOR aa 
MOV [GB], (G6CJ. CURSOR_X1 ; CONTROLLERS a 
. MOV CGB1, [GC]. CURSOR_Y1 | ge 
INTR_86: Sete 
JMP DMA_LP Pies 
STRING. _86: ee 
MOVI [6C]. STR_PTR_8086, OOH Sete 
GET_COM: ; es 
MOV IX, CGC]. STR_PTR_8086 ee 
LPDI GB, COM_BUF | 
i; GET NEXT COMMAND CHARACTER FROM THE 8086 
; AND SAVE IT AS A KEYSTROKE 
MOVB GA, CGB+1X] 7 
LPDI GC, COM_BUF ; ###TEST CODEx### 
MOVB GA, CGB + IX] 5 ee 
LPDI GC, DP_PB 5 ease 
MOVI GB, STAT_RAM 
MOVB CGB]. ASCII, GA 3 
CHECK FOR END OF COMMAND STRING © 6 oR eee | 
Sid pest Is : oe ¥: a 
| Ue J . ee oe 3-181 ‘he “ ‘ rs * oe oe f 
ea. Se ee Sad 2 son | : etree 


Giese foe eS 
= 2 


NE SOURCE : 
: MOVI MC, OFFFFH 
JMCNE [GB]. ASCII; COM_CNT 


392 ; END OF COMMAND STRING-RESET COMMAND FLAG 
? MOVBI  [GC1. COM_8086, 00H 
ee JMP CURSOR _UPDATE 
396 READ_KYBD: 


98 ; TEMPORARY GET CHAR ROUTINE 


by sae 


JNZB CGC]. KBD_INH, CURSOR. UPDATE 


anise 


JNZB CGC]. KBD_BUF_FULL, CURSOR_UPDATE 


IF THE KEYBOARD IS INHIBITED OR THE BUFFER FULL, 
DONT READ THE 8279 


wee ee twee 


MOVB GA, CGB]. KBD_DATA 
NOT GA | | 
ANDI GA, OO7FH 
MOVB [GC]. NEW_CHAR; GA 
MOVB I CGC]. NEW_CHAR_FLAG, 1 
MOVI GB, STAT_RAM ; 
<6 MOVB CGB]. ASCII,GA | i SAVE KEYSTROKE 
COM_CNT: 
| LPDI GB, DP_PB 


MOVI GC, STAT_RAM 


i CHECK FOR FIRST CHARACTER AFTER CNTRL~DEL, THIS CHARACTER WILL 
j BE PLACED IN EEP_RECALL AND USED FOR SELECTING WHICH EEP BUFF/ 
| -ER _ 

; IS TO BE RECALLED 


MOVB GA, CGB]. EEP_RECALL ; IF MSB OF EEP_RECALL IS/ 


— SET 
ANDI GA, 0O7FH ; USE PRESENT ASCII CHARA/ 
—CTER | 
JZ GA, NO_RECALL ;AS INDEX FOR EEPROM REC/ 
—ALL | 
MOVB GA, [GC]. ASCII 
MOVB [GB]. EEP_RECALL, GA 
JMP CURSOR _UPDATE 


NO_RECALL: 

; CHECK FOR FIRST CHARACTER AFTER CNTRL_E 
i; THIS CHARACTER WILL BE PLACED IN THE 

; EEPROM BUFFER AND NOT PROCESSED 


JNZB CGB, EEP_INH, EEP_BYPASS 
JINZ CGC]. EEP_BUF_PTR., EEP_BYPASS 


i INSERT ASCII CHARACTER 


mov IX, CGC]. EEP_BUF_PTR 

MOVB GA, [GCI]. ASCII 

-LPDI GB, EEP_BUF brat re at ) SEAR 
MOVB [CGB+IX1,GA © tet shes Pa eae cas foe es ORE 


: ¢ 
A * - -} + aie 
‘ 7 . ‘ “ + % oe f xt z oo F x eae ie 
» ty oa ae ee : a “‘RA® piers 
<= ~ ~s Sr, ye i & z ? Sy Se ee am | ASE ote 


= 7 x32 
os ; ; sd 
3 = ~—S <A. A x i 
Ae was = Aape : ms 
Use rst ape = eet ae Se ee IX | = Renita ahe i eee one 
cate See nS Sane ees rire sth RR pe ae 
By eS cc = r Pe Rae 
Soca % ey Foke ee oe re #2 cay SBR EE rer 
2 rae gies uae Cee a 3 Ss eee ~ 
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B m 4 ¢ a oh ‘ 2 FR om 
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LINE SQURCE Eau”: eer eee 
442 Pooh. CGC]. EEP_BUF_PTR Ane C ee ee a 
443 JMP CURSOR _UPDATE Sa fe PRS 
444 EEP_BYPASS: : : i 
449 i eS; ace a 
446 i CHECK FOR NON CONTROL CHARACTER aoe SES) Re dee 


448 MOVI MC, O6000H ate ix oes 
449 LUMCNE [GC]. ASCII, CHAR_OUT : nt Jf LANA SE ee 
ae. ae Mies aces 
A451 Tsilcoeeliolebeeiogptseeseieaavtiigtaetlaiiodeiebiaveniebdeenceie ea 
452 ) MHHHKHHHHHKHRRHH CONTROL KEY DECODE HATE HE HEE ERE EERE EEE HEHEHE EE 
453 [CRIT REITER RETEST FEAR REE REISE STE TE SE SETAE AE SETHE a: 


455 i LOOK FOR 8086 COMMAND STRING SO CERTAIN 
456 i; COMMANDS WILL NOT BE AVAILABLE FROM 
457 i KEYBOARD 


\ 


459 ;  AJZB i Com. ent 


“461 i CHECK FOR MONITOR INHIBIT 
462 i (CNTRL-A) 


464 MOVI MC, O7FO1H eae ae 
465 | JMCNE CGC]. ASCII, NOT_CNTRLA aaa 
465 MOVBI CGB]. MON_INH, OFFH Tag A Se ae 
467 JMP ~ CURSOR_UPDATE , » Fikes 
468 NOT_CNTRLA: | 7 
469 i 

470 i; CHECK FOR MONITOR UNINHIBIT 
471 i (CNTRL-B) 


ek ae MOVI MC, O7FOZH 
474 JMCNE [CGC]. ASCII, NOT CNTRLB 
475 MOVBI CGB. MON_INH, OOH © 
476 JMP CURSOR_UPDATE 
477 NOT _CNTRLB: 
478 NOT_CNTRLC: 
479 NOT_CNTRLD: 
480 i 
481 i; CHECK FOR SET DISPLAY PAGE 0 
— 482 | (CNTRL-F ) 
6483 (i a 
484 MOVI MC, O7FO6H 
485 JMCNE CGC], ASCII. NOT_ _CNTRLF 
486  MOVBI [GB]. DSPLY _PG_PTR, OOH 
487 JMP CURSOR _UPDATE 
488 NOT_CNTRLF: 
489 ; . 
490 i; CHECK FOR SET DISPLAY PAGE 1 
AA1 ; (CNTRL-G) 
| — «492 |; ‘ 
493 MOVI MC, O7FOQ7H 
494 — IMCNE- C6C]. ASCII, NOT. CNTRLG Signage 
495° MOVBI CGB]. DSPLY_PG_PTR, OFFH a ERAN coc dg er oad 
496, JMP == CURSOR_UPDATE pea) eet Aine a err eee ee, 
497 NOT. -ENTRLG: Ree ee “ : of San a hay he ae y Be aN oo 


; 
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we Be fe fe we we eee Se 


‘ee we =. = 


LOOK FOR HOME THE CURSOR 


“THE FOLLOWING CONTROL COMMANDS ARE 
AVATLABLE THROUGH THE 8089 KEYBOARD 
LOOK FOR CARRIAGE RETURN 


MOVI MC, O7FODH 
LUMCE CGC]. ASCII, CHAR_CR 


LOOK FOR BACKSPACE 


-MOVI —s MC, O7FO8H 
LUMCE © [GC]. ASCII, BACK._SPACE 


LOOK FOR COLOR CONTROL KEYS 


CNTRL-P THRU CNTRL-W © 


MOVI — MC, 07810H 
LUMCE CGC]. ASCII, COLOR _KEY 


CHECK FOR SET BASU ee COLOR FLAG 


. (CNTRL-N) 


MOVI —s MC, O7FOEH 
LUMCE [GC]. ASCII, CNTRL_N 


CHECK FOR SET FOREGROUND la 
(CNTRL-O) 
MOVI — MC, O7FOFH . 
LUMCE > has ata ASCII; CNTRL —) 


CHECK FOR EEPROM BUFFER RECALL 
(CNTRL-DEL ) 
MOVI MC,0O7F1FH 
LUMCE CGC]. ASCII, EEP_DUMP 


LOOK FOR TAB 
(CNTRL-I) 


MOVI —s MC, O7FOSH 
LUMCE [GC]. ASCII, CURSOR_TAB 


LOOK FOR ERASE PAGE 
(CNTRL-L ) 


MOVI MC, O7FOCH 
LUMCE CGCJ. ASCII, ERASE_PAGE 


LOOK FOR CANCEL LINE 


(CNTRL-X) 


MOVI = MC, O7F 18H 
LUMCE £6C]. ASCII, CNTRL_X 


— SOURCE 


;- BOOK 


F LOOK 


; LOOK 


i LOOK 


i; ALL OTHER KEY INPUTS ARE IGNORED 


BBGEEEEEEGEEEGHEE HEF HEEEEEEEEGEEEEE EEE IIH 


CCNTRL 


MOVI 
LUMCE 


FOR UP 
(CNTRL 
MOVI 
LUMCE 


FOR DOWN CURSOR 


(CNTRL 


MOVTI 
LJIMCE 


FOR RIGHT CURSOR 
i) 


(CNTRL 


MOVI 
LUMCE 


FOR DOWN AND LEFT CURSOR 
(CNTRL-Z ) 


MOVI 
LUMCE 


JMP 


j KHHHKHHKHHHHE 


CNTRL_N: 


KEEP _BF: 


¢ SET. FHE COLOR BACKGROUND /FOREGROUND* FLAG 
co SES FOREGROUND 


CNTRL_O: 


fj RHEE REE REE EERE EHH REE EHH 


i. SET -THE :COLOR BACKGROUND/FOREGROUND* FLAG TO 
i BACKGROUND (0) 


MOVI 


LPDI 


i CHECK FOR MONITOR OR COLOR CHANGE INHIBITED 


JNZB 
MOVBI 


LUMP 


MOVI 
LPDI 


MC, O7F1CH | 
[GC]. ASCII, CURSOR _HOME 


CURSOR 

a ) 

MC, O7F1EH 

(GC. ASCII, UP_CURSOR 


J) 


MC, O7FOAH 
CGC]. ASCII, DWN_ CURSOR 


MC, O7F 19H 
CGC]. ASCII, RIGHT _CURSOR 


MC, O7F1AH 
CGC]. ASCII, BACK_DOWN 


CURSOR_UPDATE 


CONTROL SEGMENTS = x34 e ee HE 


GB, STAT_RAM 
GC, DP_PB 


CGC]. COL_CH_INH, KEEP _BF 
[GC]. BACK_COL_ SW, OOH 


KEY EP _EXIT 


GB, STAT. _RAM acne 
6C, OR PRs 


618 LUMP... KEY _EEP EXIT 
619 i 
i TURN ON THE EEPROM BUFFER 
pear’ (CNTRL_E) 
- 623 ; THIS ROUTINE INITIALIZES THE EEPROM BUFFER : 
— 624: POINTER 
626 CNTRL_ E: 
— 627 MOVI GB, STAT_RAM 
— 628° LPDI GC, DP_PB 
629 LUNZB [GC]. EEP_BUF_FULL, CURSOR _UPDATE 
630 MOVBI [CGC]. EEP_BUF_FULL, OOH — ; #itstatdtated 
631 MOVI [GB]. EEP_BUF_PTR, OOH 
632 : MOVBI CGC]. EEP_INH, OOH 
633 © JMP  CURSOR_UPDATE 
634 i : , 
(635 i TURN THE EEPROM BUFFER OFF 
636°; | ie 
— 637 CNTRL_K: : 
638 MOVI GB, STAT_RAM | 
ae LPDI GC, DP_PB 
640 LCALL [GBI], KEY_BUF_UPDATE 
— 641 MOVBI CGC]. EEP_BUF_FULL, OFFH 
642 MOVBI [GC]. EEP_INH, OFFH 
643 MOV “1X, CGB]. EEP_BUF_PTR 
644 -LPDI GA, EEP_BUF 
© 7 a | : 
(646 ; INSERT END OF FILE MARKER 
(647 ; a 
648 MOVBI CGA+IX], OFFH 
649 INC CGB]. EEP_BUF_PTR 
650 JMP CURSOR _UPDATE 
651 ; | 
652 i; DUMP EEPROM BUFFER 0-9 
ot? i: , 
654 EEP_DUMP: 
655 MOVI GB, STAT_RAM 
656 LPDI GC, DP_PB 
657 LPDI GC. DP_PB 
658 MOVBI CGC]. EEP_RECALL,OFFH  iSET FLAG TO: ALL_ONES, B/ 
. eT. aT: | | ) 
459 ;WILL BE REPLACED BY THE/ 
— NEXT , 
660 i ASCII CHARACTER © 
661 ED_XIT: : 
— 662 JMP INTR_86 
663 CHAR_OUT: Ting | 
— 664 MOVI GB, STAT_RAM , 
665 LCALL CGB], CHAR_TO_MON 
— 666 
0: BOF Ai) pass” KEYSTROKES” TO 8086 | on 
: ses 4, he ae “f 5 ; ee ; ae ie 3-186 is ; H §: € peak vas Naas OAFN-O2172A 
es - % ate 2% ‘ } nate noe E : ni atietre ene =e ae hae aa aoe 


7 KEEP _BFa: 


E SOURCE 
é CHECK FOR MONITOR OR COLOR CHANGE INHIBITED 


JNZB C6CJ. COL_CH_INH, KEEP BF? 
-MOVBI [GC]. BACK _COL_ SW, OFFH © 


- Pe Fa 
, Sy. a) ac 
“4 id get Sa. he 
at a cnet “ 
4 M 


SOURCE 


KEY_EEP_EXIT: 


MOVI 
LCALL 


EEP_UP_EXIT:- 


MOVI 
LCALL 
JMP 


CHAR _CR: 


~~. = ~~. =. 


MOVI 
LCALL 


SET KEYBOARD 
FLAGS IF NOT 


MOVI 

LPDI 

JNZB 
AND 


MOVI 
LCALL 
MOVBI 


EEP_CHK: 


; 
i 
, 
i 
j 
i 
Cc 
F 


i 


Th sic _GROUND: 


JMP 


ALTER BACKGROUND OR FOREGROUND COLOR ACCORDING 
TO THE 3 LEAST SIGNIFICANT BITS OF THE INPUT 


> a " 4 “Fat 
~ oe > — fT a F 
| aaa Fadia ates 
— 2) wv ae 1) 1 
p bee ete bp ey 


GB, STAT_RAM 


+ 
rigal 
Pre a oe ar 
sets 
wd 
‘ 


CGB], KEY_BUF_UPDATE 


GB, STAT_RAM 


[GB], EEP_BUF_UPDATE 
CURSOR _UPDATE 


GB, STAT_RAM 


[GB], CR_UPDATE 


AND EEPROM BUFFER FULL 


INHIBITED 


GB, STAT_RAM 
GC, DP_PB 


CGC]. COM_8086, CURSOR_UPDATE 


GB, STAT_RAM 


CGB], KEY _BUF_UPDATE 


CGC]. KBD_BUF_FULL, OFFH 


EEP_UP_EXIT 


j HR 


a 

ees 
aye coe ar 
set 


KEY AND THE STATUS OF THE BACKGROUND/FOREGROUND*# 


FLAG. 


OLOR_KEY: 


MOVTI 
LPDI 
LCALL 
LCALL 
LUNZB © 
MOVB 


GB, STAT_RAM 
GC, DP_PB 


CGB], EEP_BUF _UPDATE 


CGB], KEY _ BUF _UPDATE : 
CGC]. COL_CH_INH, CURSOR_UPDATE 


CHECK B/F# FLAG 


JNZ 
MOVB 
ANDI 
MOV 
MOVB 
ANDI 


OR INPUT COLOR INTO FOREGROUND SECTION OF COLOR BYTE 


ORB 
MOVB 
oP 


— MOVE 


t * 

. ‘ Z . 
Nyt g adi < 
aie a4 : ae Se 
bee > ys Siem 

“ Se hy Se 


GA, BACK_GROUND 
GA, CGB]. ASCII 


GA, O7H 


CGB. ASCII: GA 
GA, CGC]. COLOR 


GA, O38H 


GA, CGB]. ASCII 
[GC]. COLOR, GA 
CURSOR _UPDATE 


a, CeB]. ASCII 
GA, CGBI. ASCII 


is . 
Re f ra 
ea at tak * ~ > YAO TR . 
Z «! . s ‘ 

5 ~ inn Gory Si 
~, Pe eS he 
ge ey te | if ed 
a 7: ra a 


a Seu 
ade 
fer 9 % 


‘GA, LOGS: BACK _COL_SW 


: 
x 
” 
be 
4 bee > 
gti 
ae : 
ee 
ae 


+ 
> 
[43 
es sf 
” 
" 
% (xe 4 
a he 
aut at 
> OAT ie. 
: ‘Ry 
Psp. 
7 — 
ie ra % 
[= al 


. * 
Take it os : : : 
x < ae "s 
er pm ak ge 5 os 
Pee re ie. aes a tug 
= = ~ 4 oo? eee 
siceiase —— acre 
ee ne at: ae td : 
al - ein ee ‘ 5 
a oo ae ? 
? = : 
é K p< es tebe « “1 
ay peo die f , 
1% Ra a fons AF BE 
ji ie ute Ph ne ae 
> y 12 +f 
c27 ries i hs + 
fa Fo “4 4 ee a 
aug ae a Ad weiy i = * 
oo Se . . 
‘ a a re  eeculk 
a rn a > ¥ y., “4 G 
' “ - 
a 7 “3 =v 
: = fn 
oti a 
(wih a ae 
7 2. he Seg AY 
‘af te eo 
> wpe a ely ot ge 
ie 
> , 
a | o a 
‘ % ram, yoke 
« Pa x 
«ee a 
: 4 ie 
’ ' ” 2% ese 
‘ “3 we er trae * 
¥ 5 iy 
‘ rea ; mp”) 
> as S: 
> $ Jn 
4 * oat at = 
4 2 *~ 
- f “em tox 
WE) ee Ae fi J 
Bs &: 
4 eae its SSA 
~ LP . 
: ~ ay piveay Yi} 
: Poke Ae os iE i 
) . ~ ae ee 
» ' ”~ ; ~] 
* ‘ Ut 4 " . me, a 
« * — ¥¢ A. 
“a ~ Her 
: es SF ‘ ; 
; ’ aay. e2 
. by = x. 
‘ = - es 
pe, 
A - é ean Caer) ae 
aes ; Sgn ae 
. . A” ts r y we Ea 
. 8 M 4 4 ' 
Ps $ =. é Pay 
i IF IN B08 @ MN: 
ey, Peed ae 
“4 e a 
; MODE DONT ALT ee 
; - ihe Sdn 
= « “4 ‘ e 
} = a f= 
; KEYBOARD STATUS © 
; : ete? Wa i ee. mat Raed 
i: 7 ~ 3 x 
j = 4 Y i ee ae a. ,j 
; ; g Paes 
‘ ee 
My, © ; yy 
4 ty <1 ‘ es 
+. mst v 5 
bee x 
¢ Ko ee ar 4 
i y, a < : - 
nga * 
; , et © 
% hp ws = 
bs oe - Tah, 
ates _ + " 
é te 
r is 
F] awl a 
AS, re Bt 
> 3 - ee mat? 
j Prac F 
f ts. 5 ‘.- 
* : ; 7 ; 
fi% ; 
: * owes! 
A . = 
J + J . of 
’ i ae A poe 
, é ? ae) en i ie 
= ~ . Ed oy 
' ahi, Acta wats ® 
; ve SS Se 
S wt eh 
e attes 2 
: , rt Sis 2 28 cad = 
ke y 7 x 
— ‘ : J . ew Tan } 
. a 3 me 
. 2 Top ae ‘es 
. siesta 
h ‘ gs * 
> Ty Ge 
Ce Bet eh vx 
1 ath ee a 
tn ® Fete SS 
eee 
ae SA Se] hts 
ie ag —_* 
wees 0 
Se cs } ae 
ae | sit | P = 
Af a a 
: Phy 3 
a aeteag Ben Re 
: A jas 
+ Son See 
Vs Soe a he 
. bj 4 rng 
= es Ne , 
| CA eee ¢ 
. ot, ee 
Se 
P Fs) er ais 
ae VD ES 
oo yma Nera vr 
‘= o> 
on ie eres 
4 _ 2 - 
— Ae, ak 
‘ : ‘i 
. E 
> ! : < _" 
y ; i 
J } ‘ ~ 
‘ ‘ a ; e Se 
’ & 
4 « es Ne 
‘ a ay? . 
Pete ee 
' “ ¥. 
- 
> 3 = - el 
“ toy : 
= —— ; ae 
é ‘ 2 “=s  ¢ 
ad i oe 
/ . : > * i = . + 
' < 
My ‘a es», ate AG 
a se > 
; - ees 
+ a <> 2 Tere = 
' ' , Aca ites & 
. ‘ : bg es oe 
my 12 te 
° 4 | a ¥ 
’ j wat Spe oe ae 7 4 
‘ * E . oe ¥ 
at ; 722 
i F 1 eit re See 
Pao ones 
4 Lae . Pde 
he. pees! 
: oe n i koe = 
re i229 @ UA ere ae 3 
t 4 5 . mae Snes a 
. “ey” 2 Pag ” ¢ ~« > 
oe hee A 5 : _. : : 
e235 2 > Hs 
Po eee ee i -% Sey: 
. eae 7 ¥ r 
Ey GF ze ae * x 7 v7 
3 ~” * met 4 - = 
Spares ee Feet ee ae 
SH es eee 
if ih r= athe 
eat eee ee 
iP: eae —, 2 
2 ‘4 dys $2*3 TE re ent 
Z 7 foo) x 


ADD GA, CGB]. ASCTI 


ADD GA, CGOBI. ASCII 
MOVB  _CGB1. ASCII_TEMP, ca 
ADD GA, (GBI. ASCII TEMP 


4 | , 
29 i; SHIFT INPUT COLOR OVER AND OR IT INTO THE BACKGROUND 
30 i SECTION OF THE COLOR BYTE 
; 


ANDI GA, O38H 


MOV [GB1. ASCII, GA : 3 ' 
MOVB GA, CGC]. COLOR 

ANDI GA, 047H 

ORB GA, CGB]. ASCII 

MOVB C6C]. COLOR, GA 

JMP - CURSOR_UPDATE 


— 740 i TAB ROUTINE © 
ies 


= THIS ROUTINE MOVES THE CURSOR TO THE NEXT 
3 COLUMN WHOSE NUMBER IS A MUL.TIPLE OF 8. 


5 CURSOR _TAB: 

MOVI GB, STAT_RAM 

LCALL [GB1,EEP_BUF_UPDATE 
LCALL  [£GBJ,KEY_BUF_UPDATE 
LPDI GC, DP_PB 


CHECK FOR CHARACTER COUNT BEING A 
MULTIPLE OF EIGHT (3 LSB = 0) 


77 
TAB _CNT: 
i PLACE BLANK ON THE SCREEN 


MOVBI CGBIJ. ASCII, O20H 
LCALL  C£GBI], CHAR_TO_MON 


MOV GA, CGB]. CHAR_CNT 

ANDI GA, O7H 

LIZ GA, CURSOR _UPDATE 

JZB CGC]. SCROLL_REQ, TAB_CNT 
JMP CURSOR_UPDATE 


ERASE PAGE ROUTINE 
THIS ROUTINE ERASES THE PAGE FROM THE CURRENT 


CURSOR POSITION. IT ENDS WITH THE CURSOR AT — 
THE HOME POSITION. : 


j 
r) 
s 
; UP CURSOR ROUTINE 7 es 
U 


P_CURSOR: : 
MOV I GB, STAT_RAM 
LPDI GC, DP_PB 
MOV —s- IX, £6C 7. MON_HOM ; cs Ge 
NOT 21% ; CHECK FOR UPPER BOUNDARY 
AND -.--21 Xs. COR IOL INELCNT = et es : xf eae Pek 


; = . t . : > 3 F 
. ° a , ” o 4 . ‘ = .&, 
% . os . + - ; x t ay é A 
: = - ‘ é 


eit J ¥ =~} 3 ; a , ; 3-188 
: <4 = ‘ - ay : a = 2 = e m 3 os 'Y." 


794 


798 


800 
B01 
802 
B03 


804 


810 


= fa a # ad <4 ; = 
is * na ar r 
ee le r 
RAE PRE Wise kad ' t DiP » ; 
* wee: - oes ast 
isc as ts ; ‘ 
Mecorsa % ap oat a : 
a c Fes RS Tp oS ccakg iE, 
Ee “ate eae = 
: = ae rae a 
“i 


SOURCE ; <<. 
LUZ IX, CURSOR_VUPDATE 
DEC C6GBJ. LINE_CNT 
JMP KEY nr _EXTT é 
i LINE FEED (DOWN CURSOR ) 
DWN CURSOR: 
MOVI GB, STAT _RAM 
LPDI GC, DP_PB 
MOV IX, (GBI. LINE _CNT 
INC IX ‘ 
NOT IX 
AND IX, C6C17. MON_END 
~OVE ) 
LUZ IX, CURSOR UPDATE 
INC CGB]. LINE_CNT 
JMP KEY EGP EXT? 
i MOVE CURSOR RIGHT 


RIGHT _CURSOR: 


pea 
aig su a 3 


ale 


x 2 7 3; ; re Rosy a 
a TE ate 4 oF eee ote 7 
’ 4, t ngh « 


od 
Pee.’ 
BS 
fr 
ie 
2 
tes 
4 aut 
ONG Sia: 
2 i; 


; COMPARE PRESENT LINE > 


|; COUNT + 1 TO ‘BOTTOM ieee 


i MARGIN 


iMOVE OK 


ap ia 
Kea st) " 
Be ok aa ae Pay. 
§ ghee be ST Oe or 
Whyeradeee tk box Sree Ch Page A 
ae are haa eee Rc te de 


: 1 . 
MOV I GB, STAT_RAM en 
LPDI GC, DP_PB © jeden 
MOV 1X, [6B]. CHAR_CNT i COMPARE PRESENT CHaRACT/ 
—ER ? er ae : a 
INC 1X ; COUNT + 1 TO RIGHT 
NOT IX i MARGIN 
AND IX, CGC]. MON_RMARG ; IF EQUAL ABORT 
LUZ IX, CURSOR_UPDATE ; CURSOR MOVE — 
| INC CGB}. CHAR_CNT iMOV OK 
JMP KEY_EEP_EXIT 
BACK_DOWN: | 
MOVI GB, STAT_RAM ai Sete 
LPDI GC, DP_PB Ae one 
MOV IX, [GB]. LINE_CNT ; COMPARE PRESENT ge 
INC IX ; COUNT + 1 TO BOTTOM 
NOT a i MARGIN ‘ 
AND = ~——«IX, £6C 7. MON_END i IF EQUAL ABORT CURSOR my 
-OVE 
LUZ IX, CURSOR_UPDATE 
MOV IX, CGC]. MON_LMARG ; IF CURSOR IS AT Leer may 
-RGIN | 
NOT Ks ; ABORT CURSOR MOVE 
AND 1X, [6B1. CHAR _CNT 
Liz IX, CURSOR_UPDATE 
INC CGB]. LINE_CNT 
DEC CGB]. CHAR_CNT 
JMP KEY_EEP_EXIT 
i CANCEL THE PRESENT LINE 
CNTAL X: <1 DeNGheSe2 or RGs. Aides RCTS eh a 
| MOVI GB, STAT_RAM 
LPDI GC, DP_PB | | 
MOV CGB]. ‘CHAR CNT, EGC}. MON. LMARG | “i 


oie x 80 


a2 4 bs . 
te ee = = “ += =. 
as 64 % ““s * Sot > i Tene) Ti, 

Wo“ : _ id 7. =” t 


~MOVBI C6C]. KBD BUF _FULL, QOH 


MOVI [GC]. KBD_BUF_PTR, OOH 
Pe APS IMP KEY EEP EXIT 
838 ERASE_PAGE: 
Car: MOVI GB, STAT_RAM 
B40 LCALL CGB1, EEP_BUF_UPDATE 
841 LCALL [GB], KEY_BUF_UPDATE 
842 LPDI GC, DP_PB 
844 ; STORE BLANKS ON THE SCREEN 
Si AY MOVBI CGB]. ASCII, O2OH | 
847 ERASE_CNT: 
- g48 7 LCALL [GB1, CHAR_TO_MON © 
— B49 JZB CGC]. SCROLL_REQ, ERASE. CNT 
— 850 JMP CH_NTR 
io | 
852 i; HOME THE CURSOR 
853 i 
854 CURSOR _HOME: 
855 MOVI GB, STAT_RAM 
856 LOALL [GB], EEP_BUF_UPDATE 
PEO Te ars oii SEC ALL CGBJ],KEY_BUF_UPDATE 
858 CH_NTR: : 
Se Te LPDI GC, DP_PB 
860 MOVBI CGC]. KBD_INH, OOH 
Bél -MOVBI CGC]. SCROLL_REQ, OOH 
862 MOV [6B]. CHAR_CNT, CGC]. MON _LMARG 
“863° MOV CGB]. LINE_CNT, [GC]. MON_HOM 
B64 JMP CURSOR_UPDATE 
866 ; PERFORM BACK-SPACE BY DECREMENTING THE DISPLAY 
867 ; PAGE POINTER, KEYBOARD POINTER, EEPROM POINTER, 
868 ; AND CURSOR POSITION 
870 BACK _SPACE: 
871 MOVI GB, STAT_RAM — 
872 LPDI GC, DP_PB 
873 MOV IX, (GC. MON_LMARG ; IF CURSOR IS AT LEFT 
B74 NOT ~ IX ;MARGIN ABORT BACKSPACE 
875 AND IX, [GB]. CHAR_CNT . 
876 LUZ IX, CURSOR_UPDATE 
877 DEC CGB. CHAR_CNT 
878 ; 
879 i DO BACKSPACE IF MONITOR NOT INHIBITED AND CURSOR IS 
880 ; NOT AT THE BEGINNING OF A LINE 
O81 3 | 
882 KYBD_UPDATE: 
883 LUNZB CGC]. KBD_BUF_FULL, EEP_EXIT 
884 ; : 
885 ; IF KEY BUFFER POINTER IS ZERO. DONT BACKSPACE IT 
886 i | | 
887 wz [GC]. KBD_BUF_PTR, EEP_EXIT 
888 DEC CGC]. KBD_BUF_PTR. 
889 EEP_EXIT: aa soit 
B90 | MOVI GB, STAT_RAM 


eee 7 Se } : Lane 3-190 - ; — cee pees Fy ee APMRITEA - = 


EA 


ok * 
ne 


3 : " 4 es ; > S Lies ege 
= Bees oy eee eS Sees Se ee 
esha Acker A es oud oo Wee oe , ae Sas 5 gas A eee = es - 
St eetecertentneereete - saecce sr otas —— ih 
LINE SOURCE | AS se 
B91 JMP EEP UP EXIT © | Comes 
B92 3 HHHHEHEHHHPRHRHHHEHKRKHHHHHKRHHRHHHRHHHRHHRKRRHHHHEHHKHHEHHE 
B93 eHHHHHHRHEHHHEH SUBROUTINES +e eHHHHHRHEHRHH RHEE 
BS 5 RHHKEHHHKHHHHKHHEHKRHRHHHHEKHRHHHHHHHHRERRHERHEHHHERHHEHE 
895 CHAR_TO_MON: 
B96 ; . - 
897 ; SET UP DISPLAY PAGE POINTER AND INDEX 
898 ; 
899 LPDI GB, DSPLY PAGEO 
900 LPDI GC, DP_PB 
901 JZ “£663, DSPLY _PG_ PTR, PTR_OK 
902 LPDI GB, DSPLY_PAGE1 
903 | 
904 ; COMPUTE S0XLINE_CNT 
905 i 
906 PTR_OK: 
907 MOVI GC, STAT_RAM 
908 MOV GA, C6C]. LINE_CNT 
909 ADD GA, [GC]. LINE_CNT 
910 ADD GA, CGC]. LINE_CNT 
911 . ADD GA, CGC]. LINE_CNT 
912 ADD GA, CGC]. LINE_CNT 
913 ica MOV CGC]. LINE_TEMP, GA 
914 ADD GA, [GC]. LINE_TEMP ek ss 
915 MOV CGC]. LINE_TEMP, GA 
916 ADD GA, CGC]. LINE_TEMP XS 
917 MOV  $$CGC].LINE_TEMP,GA | 
918 ADD GA, CGC]. LINE_TEMP ie x 5 
919 i OV - £G6C]. LINE_TEMP, GA 
920 ADD GA, CGC]. LINE_TEMP Pte Mes 
921 i 
922 ; MEMORY POINTER = DISPLAY PAGE POINTER + 
923 4X (BOXLINE_CNT + CHAR CNT) 
924 , { 
925 ADD GA, CGC]. CHAR_CNT 
926 MOV CGC]. LINE_TEMP, GA 
927 ADD GA, [6C]. LINE_TEMP 
928 ADD GA, CGC]. LINE_TEMP 
-929 ADD GA, [CGC]. LINE_TEMP 
930 MOV [GC]. PAGE_INDEX, GA : 
931 ADD GB, CGC]. PAGE_INDEX - 
932 i ‘ 3 
933 i SAVE ASCII CODE IN DISPLAY PAGE 
934 i : ) 
935 | MOVB CGB]. ASCII_GRAPH1, [GC]. ASCII 
936 j 
937 ; SAVE BACKGROUND AND FOREGROUND COLOR IN 
938 i DISPLAY PAGE 
939 ; 
940 LPDI GC, DP_PB 
941 MOVB CGB]. COLOR _MODE, CGC. COLOR © 
942 i 
943 ; CLEAR OTHER 2 DISPLAY PAGE BYTES 
944 ; : 
— 945 -  MOVBI- £GB]. GRAPH _2AND3, OOH | SS, 
Cee Bi os ss 2 MOVER CGB]. GRAPH_ —4AND5, OOH Spree te nea 
Mig  Ta eos. eA | ie Sophia sete cs eee 
a 3 Bases See eae ees See Bee 
Ree sss Sigatl aoe 3 pes eey oe ee Bees es Tee 


i a INCREMENT X CURSOR POSITION AND CHARACTER POINTER. 
S i CHECK FOR RIGHT MARGIN OVERRUN 


MOVI GB, STAT_RAM 
INC [GB]. CHAR_CNT 
MOV CGB]. CHAR_TEMP, [GB]. CHAR. CNT 
NOT CGB]. CHAR_TEMP 
MOV GA, LGC]. MON_RMARG 
AND ‘GA, CGB]. CHAR_TEMP 

957 JNZ GA, MON_UPDATE_ FIN 

958 CR_! UPDATE: 


959 ; IF RIGHT MARGIN WAS EXCEEDED, MOVE CHARACTER COUNT 
i; TO LEFT MARGIN AND INCREMENT LINE COUNT AND. Y CURSOR 


61; POSITION 
er LPDI GC, DP_PB 
MOVI GB, STAT_RAM 
INC CGB]. LINE_CNT 
MOV [GB]. CHAR_CNT, [CGC]. MON_LMARG 


3 CHECK IF LINE COUNT WENT PAST BOTTOM OF SCREEN 


MOV CGB]. LINE_TEMP, CGBJ]. LINE. CNT 
NOT [GBI]. LINE_TEMP 

MOV GA, CGB]. LINE_TEMP 

AND GA, LGC J. MON_END 

JNZ GA, MON_UPDATE_FIN 


LINE COUNT EXCEEDED ae TS MARGIN- 
SET SCROLL FLAG © 
AND KEYBOARD INHIBIT AND DECREMENT LINE COUNT 


we =. ee ~ wee 


MOVBI CGC]. SCROLL_REQ, OFFH 

MOVBI CGCJ. KBD_INH, OFFH ; ##+#+# 
: DEC CGBI. LINE_CNT 
MON_UPDATE_FIN: 


i RETURN TO CALLING ROUTINE 


MOVI GB, STAT_RAM 
LPDI GC, DP_PB 
MOVP TP, CGBI 


KEYBOARD BUFFER SUBROUTINE 

TRANSFER THE ASCII CHARACTERS OBTAINED FROM THE © 
8279 CONTROLLER INTO A BUFFER FOR LATER 
PROCESSING BY THE 8086. 


ad =e = ~~ se = a 


KEY_BUF_UPDATE: 
LPDI GC, DP_PB 
MOV I GB, STAT_RAM 


~ 


-; BYPASS IF BUFFER FULL 


JNZB CGC]. KBD_BUF_FULL, ABU_RETURN 


i BYPASS LF: SHae eran ree MODE 


3-192 Cet per a = — APNO2172A 


y oe 


eh S come eee oi ae os zee 
: oe aes = a ae LES ee eh ae Se ee = cS tee oa 
wees re a eee ee ge gee Phe Z 
ve eo e Sahai eee Gad nets. mee See i i 
— LINE SOURCE ee, no EES pe PTR 7 ee 
SOOO Gx. ore. : . EES 2 Ret 
1006 — JNZB CGC]. COM_8086, KBU RETURN a eae 
1007 i by eee 
1008 i; XFER THE CHARACTER es ae 
1009 ;° , : rere 
1010 MOY ~ IX, [GC]. KBD_BUF PTR Sones 
1011 LPDI GA, KEY_BUF 4 ee 
1012 . MOVB CGA+IX1, (GBI. ASCII ae 
1013 INC [GC]. KBD_BUF_PTR (ava ae 
EOLA MOV GA, CGC]. KBD_BUF PTR eae 
1015 ANDI GA, OFFOOH 
1016 4 GA, ABU_RETURN , a eos 7 
10173 ; ee 
1018 ; POINTER OVERRUN~-SET BUFFER FULL FLAG sister 
1019 3. ; 
1020 DEC [GC]. KBD_BUF_PTR 
1021 MOVBI CGC]. KBD_BUF_FULL, OFFH “ cage Se eae 
1022 MOVBI {[GA+1X1, OFFH i SET END OF BUFFER MARKER 
1023 KBU_RETURN: | | se CSE a 
1024 MOVP TP, CGBI 
ia 5 : 2 
1026 ; EEPROM BUFFER SUBROUTINE 
Los) | yh | jig 
1028 ; THIS ROUTINE TRANSFERS THE ASCII CHARACTERS OBTAINED aes 
1029 ; FROM THE 8279 CONTROLLER INTO THE DUAL PORT EEPROM BUFFER ake 
1030 i as 
1031 EEP_BUF _UPDATE: 
= = nr MOVI GB, STAT_RAM 
1033 LPDI GC, DP_PB 
1034 ; : ; 
1035 ; CHECK FOR BUFFER FULL FLAG OR EEPROM INHIBITED 
1036 i 
10o7.° JNZB CGC]. EEP_INH, EBU_RETURN 
1038 _JNZB CGC]. EEP_BUF_FULL, EBU_RETURN 
fis ae 
1040 ; XFER THE CHARACTER ' i 
1041 i , 2 
1042 MOV IX, CGB]. EEP_BUF_PTR | | 
1043 LPDI GA, EEP_BUF 7 ! 
1044. . MOVB  CGA+IX], [GB]. ASCII | . 
1045 INC - (€GB1]. EEP_BUF_PTR 
1046 MOV GA, [GB]. EEP_BUF_ PTR 
1047 ANDI GA, OFFOOH © 
1048 JZ GA, EBU_RETURN 
1049 i . 
1050 ; POINTER OVERRUN-SET BUFFER FULL FLAG 
1051; 28] apse 
i9ea- DEC [GB]. EEP_BUF_PTR 
1053 MOVBI [GC]. EEP_BUF_FULL, OFFH. 
1054 EBU_RETURN: ; 
L055. -" MOVP TP, CGB] 
1056 DUMBTERM ENDS 
1057 END 
f + | aE: 
- ; z as 
ee 
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INTRODUCTION 


As the performance of microcomputers has improved, 
the types of functions performed by these microcom- 


puters have grown. One application filled by these 


machines has been to perform typical ‘‘adding 
machine’’ type calculations, balancing ledgers, etc. This 
type of machine has come to be called a ‘‘small business 
computer.’’ To be a true business computer, however, 
the types of operations performed by these machines 
need to be expanded beyond simple ‘‘balance the 
books’’ types of operations. There are many algorithms 
that have been impractical for these small business com- 
puters because the number of calculations required by 
the algorithms and the performance available from 
these machines did not make them feasible. Such opera- 
tions were available only on large mainframe or mini- 


computers. With the introduction of the iAPX 86/20, a - 


microcomputer can finally perform these types of 
calculations at a cost level appropriate to small business 
computers. 


The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co-processor. This combination allows for 
high-performance, high-precision numeric calculations. 
Many types of operations require this performance to 
provide accurate results in a reasonable amount of time. 
This increased performance will also be particularly 
welcome in the interactive user environment typically 
found in small business computers. It is very frustrating 
to wait many seconds or even minutes after hitting 
‘‘return’’ for the computer to generate results. 


In general, if there are many methods to solving a 
‘business computer problem, the method requiring the 
largest number or calculations will provide the best 
results. In many applications, approximate methods 
have been used because the speed of the hardware (or 
the cost of the computer time) did not allow a more ex- 
act method to be used. Because of the high performance 
of the iAPX 86/20, these numeric intensive methods 
may now be used in small business computer software. 


The types of calculations demonstrated in this note are: 


e Interest and Annuities. These calculations require 
the use of floating point multiplication, division, 
exponentiation and logarithms. These calculations 
are used to determine the present or future value 
of certain types of funds. 


e Restocking. These iterative calculations require 
extensive use of floating point multiplication and 
division. They are used to determine the optimum 
restocking times for a given item when the set-up 
charges, holding costs and demand for the item 
are known or can be estimated. 


ne 


e Linear Programming. These calculations require 
extensive use of floating point multiplication and 
division. One of many applications for linear pro- 
gramming is the determination of optimum pro- 
duction quantities of diverse products when the 


quantities of their various constituents are both © 


overlapping and limited. 


iAPX 86/20 HARDWARE OVERVIEW 


The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general-purpose 16-bit registers, memory segmentation, 


and many other features allowing for efficient code — 


generation from high-level language compilers. When 
augmented with the 8087, it becomes a vehicle for high- 
speed numerics processing. The 8087 adds eight 80-bit 
internal floating point registers, and a floating point 
arithmetic logic unit (ALU) which can speed floating 
point operations up to 100 times over other software 
floating point simulators or emulators. 


The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 


When a numeric instruction is decoded, the 8086 


generates any needed memory addresses for the 8087. 
The 8087 then begins instruction execution automat- 
ically. No other software interface is required, unlike 
other floating point processors currently available 
where, for example, the main processor must explicitly 
write the floating point numbers and commands into the 


floating point unit. The 8086 then continues to execute 


non-numeric instructions until another 8087 instruction 
is encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The over- 
lapped 8086 and 8087 processing is known as concur- 
rency. Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric instructions is being executed 
(meaning there is no concurrency), the numeric per- 
formance of the 8087 ALU is much greater than that of 
the 8086 alone. 


The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
transfer information to and from memory independent 
of the 8086, it must be able to become the ‘‘bus 
master,’’ that is, the processor with read and write con- 


trol of all the address, data and status lines. Only one — 


unit is permitted to have control of these lines at a time; 
chaos would exist otherwise, like four people talking at 
once with each trying to understand the others. 
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' The TEST/BUSY pin is used to manage the concur- 


rency mentioned above. Whenever the 8087 is executing 
an instruction, it sets the BUSY pin on high. A single 
8086 instruction (the WAIT instruction) tests the state 
of this pin. If this pin is high, the WAIT instruction will 
cause the 8086 to wait until the pin is returned to low. 
Therefore, to insure that the 8086 does not attempt to 
fetch a numeric instruction while the 8087 is still work- 
ing on a previous numeric instruction, the WAIT in- 
struction needs to be executed. The 8086/87/88 
assembler, in addition to all Intel compilers, auto- 
matically inserts this WAIT instruction before most 
numeric instructions. Software polling can be used to 
determine the state of the BUSY pin if hardware hand- 
shaking is not desired. 


Most other lines (address, status, etc.) are connected 
directly in parallel between the 8086 and the 8087. An 
exception to this is the 8087 interrupt pin which must be 
routed to an external interrupt controller. An example 
iAPX 86/20 system is shown in Figure 1. A more com- 
plete discussion of both the handshaking protocol be- 
tween the 8086 and the 8087 and the internal operation 
of the 8087 can be found in the application note Getting 


: _ Started With the Numeric Data Processor, AP-113 by 


Bill Rash, or by consulting the numerics section of the 
July 1981 iAPX 86,88 Users Manual. 


INTR 


| CLK 8 


Qso QSsi1 


In addition to the 8087 hardware, the 8086 is also sup- 
ported by Intel compilers for both Pascal and FOR- 
TRAN. Code generated by these compilers can easily be 
combined with code generated from the other compiler, 
from the Intel 8086/87/88 macro assembler or the Intel 
PL/M compiler. In addition, these compilers produce 
in line code for the 8087 when numeric operations are 
required. By producing in line code rather than calls to 


floating point routines, the software overhead of an un- 


necessary procedure call and return is eliminated. The 
combination of both hardware co-processors and soft- 
ware support for the iAPX 86/20 provides for greater 
performance of both the end product, and its develop- 
ment effort. 


ROUTINES IMPLEMENTED 


All routines implemented in this application note were 
written entirely in either Pascal 86 or FORTRAN 86. In 
addition, a FORTRAN program available from IMSL! 
for use in solving linear programs was used. In each 


'IMSL, Inc., Sixth Floor-NBC Building, 7500 Bellaire 
Boulevard, Houston, Texas, 77036. (713) 722-1927. 
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Figure 1. Typical 86/20 System 
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case, the routine was executed using a 5 MHz iAPX 
86/20 on an iSBC86/12 board contained within an Intel 
Intellec™ Series III development system. The programs 
can be executed on any iAPX 86/20 (or iAPX 88/20) 
with sufficient memory, however. In general, the 
memory requirements for the programs were not 
substantial. Source listings for all routines written for 
this note are located in the appendix. 


All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 8087 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized floating 
point unit. 


In some routines, values are quoted for the various data 
formats supported by the 8087. For real numbers, these 
formats are short real, long real, and temporary real. 
The differences among the three are in the number of 
bits allocated to represent a given floating point 
number. 


In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit indicates whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the ‘‘normalized’’ value of the number. A “‘nor- 
malized’’ number is one which always lies within a cer- 
tain range. By dividing a number by a certain power of 
two, most numbers can be made to lie between the 


SHORT REAL 


LONG REAL 


, EXPONE ENT 


TEMPORARY REAL 


79 64 63 


$= IT (0 = POSITIVE, 1 = NEGATIVE) 

A= SOSITION OF IMPLICIT BINARY 

l= INTEGER BIT OF SIGN 
MPLICIT IN SHORT AND LONG 

EXPONENT BIAS NO RMALIZED VALUES): 

SHORT REAL: 127 FH) 


LONG REAL? 1023 (3FFH) 
TEMPORARY REAL: 16383 (3FFFH) 


BIASED 
EXPONENT 
31 23 0 
SIGNIFICAND 


numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the 
exponent of the number, and the result of this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain ‘‘special cases.”’ 


As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 
eight exponent bits and 23 significand or mantissa bits. 
Long real numbers provide 11 exponent bits and 52 
significand bits. Temporary real numbers provide 15 ex- 
ponent bits and 63 significand bits. These data formats 
are shown in Figure 2. Thus, of the three data formats 
implemented, short real provides the least amount of 
precision, while temporary real provides the greatest 


amount of precision. These levels of precision represent - 


only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented in temporary 
real precision. Numbers are automatically converted 
into the temporary real precision when they are loaded 
into the 8087. In addition to real format numbers, the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. : 


Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number 10 


BIASED 
ott eae een 


0 


POINT 
IFICAND; aie IN TEMPORARY REAL, 


Figure 2. Data Formats 
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bytes (80 bits)! In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers is relatively insignifi- 
cant, however. This makes the choice of which precision 
to use in an iAPX 86/20 system a function only of 
memory limitations and precision requirements. 


Interest 


Routines were written to calculate the final value of a 
fund when given the annual interest and the present 
value. Although the calculations required to generate in- 
dividual interest values are rather short, the additional 
precision of the iAPX 86/20 can be used to generate 
better results. In addition, if a large number of interest 
calculations are to be performed (or if an interest rate 
type of calculation is used as part of an iterative model), 
the speed of the single interest rate calculation is impor- 
tant, as it will be performed very many times. 


It is assumed that the interest will be compounded daily, 
which requires the calculation of the yearly effective 
rate. This value, which is the equivalent annual interest 
rate when interest is compounded daily, is determined 
by the following formula: 


POD ie NY RO SR ye 
np 


Where: 
e yer is the yearly effective rate 
e iis the annual interest rate 
¢ np is the number of compounding periods per 


annum 


Once the yer is determined, the final value of the fund 
can be determined by: 


fv =(1 + yer)* pv 


Where: 

e pv is the present value 

e fv is the future value 
Results were obtained using short real, long real, and 
temporary real precision numbers when 

e ir is set to 10% (0.1) 

e np is set to 365 (for daily compounding) 

e pv is set to $2,000,000 _ 


The results are shown in Table 1. 


Table 1. Interest Rate Calculation Results 


Short real 10.514% $2,210,287.50 
Long real 10.516% $2,210,311.57 
Temp real 10.516% $2,210,311.57 


The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and the 8087 emulator are 
shown in Table 2. 


Table 2. Interest Rate Calculation Times 


Short real 


Long real 
Temp real 


The difference in the final value between the short real 
and long real precision in this simple calculation is 
$24.07. Although the difference between short and long 
real precision results shown here is small, this difference 
would be signficant if the principal was larger, or if the 
period over which the interest was calculated was longer 
than a single year. Hence, the long real precision 
capability of the 8087 can provide most accurate results. 
Indeed, since the error calculated between the long real 
precision and temporary real precision results is in the 
thousandths of cents, the long real results are exactly 
correct, to the penny. Note that temporary real format 
allows for approximately /8 decimal digits of precision 
and the full precision of the numbers used in the calcula- 
tion is not printed in the above table. 


Annuities 


Values for a frequently used type of annuity were 
calculated, using routines written in both FORTRAN 
and Pascal. An annuity is a type of fund which gathers 
interest at the same time the principal is changing. A 
mortgage is a type of annuity in which the principal is 
decreasing, whereas ‘‘the sinking fund’’ implemented 
here is a type of annuity in which the principal is 
increasing. In both cases, the interest is added to the 
principal. 


THE SINKING FUND 


The ‘‘sinking fund’’ could be characterized by an in- 
dividual retirement account (IRA). In this fund, a fixed 
amount is placed in a savings fund each period. This 
fund also earns a certain amount of interest per period. 
The problem, then, is to calculate the final value of the 
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fund (after a certain number of periods). The example 
given calculates the value after 20 years of a fund in 
which payments of $1000 are made each month. The 
annual interest rate is given at 12% (0.12), but the in- 
terest is compounded daily. 


The first step in solving the problem is to determine the 
interest rate per month. This is done in a similar manner 
to the way the effective annual rate is calculated; 
however, the number of compounding periods is set to 
the number of days in a month, rather than the number 
of days in a year. Once this is done, the final value of 
the annuity is determined by: 


f= pmo St Wey" =) is 
irp 
Where: 
@ fv is the final value 
¢ pmt is the amount placed in the fund each period 
e irp is the interest rate per period 
¢ np is the number of periods 


The short, long and temporary real precision results are 
shown in Table 3. 


Table 3. Annuity Calculation Results 


Bae Tot Contrib Rate/period 


$997,103.25 


$997,048.51 
$997,046.51 


The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and the 8087 emulator are 
shown in Table 4. Notice that although the most signifi- 
cant four digits. of the interest rates per period shown 
are the same, the final value using short real precision 
calculations is inaccurate by $56.74 compared to the 
final value using long or temporary real calculations. 


Table 4. Annuity Calculation Times 


Short real 


Long real 
Temp real 


Restocking Algorithms 


A restocking algorithm determines when a company 
should replenish its stock of raw goods which make up 
its products. A restocking algorithm can be used to 
determine the restocking pattern if: 
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e the demand for the given product can be predicted 


® carrying costs from month to month are known 
and fixed 


e no shortages are allowed 

e lead times are known and fixed 
There are three methods commonly used to determine 
the restocking pattern: 
1) the Fixed Economic Order Quantity (EOQ) 
2) 
3) the Wagner-Whitin method 


the Silver-Meal heuristic 


Of the three, the Wagner-Whitin method is guaranteed 
to provide the optional restocking pattern, while the 
Silver-Meal heuristic may provide a good approxima- 
tion to this pattern. The fixed Economic Order Quantity 
will not provide good results when the demand pattern 
is highly variable. Both the Wagner-Whitin method and 
the Silver-Meal heuristic are iterative methods in which 
many options are evaluated before the final restocking 
pattern is determined. 


THE FIXED ECONOMIC ORDER QUANTITY 


The simple Economic Order Quantity method may be 
used to select the number of items to be restocked at a 
time if the demand is constant. This number is deter- 
mined by: 
EQU=\ [ 2AD_ 
vr 
Where: 


e Ai is the set-up cost 
e Dis the average demand for the period 
e y is the variable demand cost per item 


e ris the holding cost per item 


As this method does not provide for period to period 
variability in demand, if this demand is variable, the 
performance of the method will obviously suffer. Its 
only advantage is simplicity. 


THE SILVER-MEAL HEURISTIC 


The Silver-Meal heuristic will provide an approximation 
to the optimal restocking pattern determined by the 
Wagner-Whitin method. It has been used rather than 
the Wagner-Whitin in application where better results 
were required than those supplied by the EOQ method, 
but where the available computing resources did not 
allow the use of the Wagner-Whitin method. This 
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method begins with the first month to be considered, 
then calculates the total replenishment and holding costs 
for this month, and a certain number of following 
months. As the number of months increases, the set-up 


_ charge per unit will decrease as it is distributed over 


more units. Also, however, as the number of units in- 
creases, the holding costs will increase. At a certain 
point, the holding costs will begin to increase at a 
greater rate than the set-up cost per unit falls. At this 
point, a ‘‘local minimum’’ of the replenishment cost 
function will have been realized. The heuristic stops 
here, and begins the process again with the following 
month until all the months of the period have been con- 
sidered. This method may not provide the optimal solu- 
tion, since it provides only a local minimum, rather than 
a global minimum. The cost function is not guaranteed 
to continue to rise once it has begun to rise. This means 
that the restocking cost may actually fall to a lower level 
after an initial rise. This method requires much fewer 
cost calculations than the Wagner-Whitin method, 
however. 


THE WAGNER-WHITIN METHOD 


The Wagner-Whitin method is the most computationally 
intensive method to be discussed. It also is guaranteed 
to produce the optimal results. It is an application of 
‘‘dynamic programming.”’ It starts with the last month 
of the period, determining in inverse order the optimal 
replenishment pattern for the given month if the inven- 
tory is assumed zero at the start of the month. It does 
this by calculating the replenishment cost for the given 
month and a number of subsequent months along with 
the holding costs for the stock replenished in the given 
month but carried over. The replenishment cost is the 
sum of the set-up charges and the per unit cost times the 
number of units acquired. The holding cost is the 
number of units held but not consumed in a given 
month. The total stocking costs for this option can then 
be determined by adding the replenishment cost, the 
holding cost and the optimal restocking cost for the 
month following the last one restocked in this iteration 
(since we have started from the last month of the period, 
the optimal restocking cost has already been determined 
for all months following the month being considered). 
The optimal restocking cost for the last month of the 
period is the restocking cost for that month alone. For 
example, if we are trying to determine the optimal 
restocking pattern from January through December of a 
year, the determination of the optimal restocking pat- 
tern for June might begin like this: 


1) Determining restocking cost (startup cost, per part 
cost, etc.) for June alone. 


2) Determine the holding costs (if June alone is being 
restocked, the holding cost will be zero). 
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3) Determine the total cost of this option. This will be 
the restocking cost determined in (1) added to the 
holding costs determined in (2) added to the op- 
timal restocking cost from zero initial inventory 
determined previously (using this algorithm) for 
July. 


4) Loop back to (1). However this time, restock for 
June and July, calculate.the holding cost for the 
July stock, and use the optimal restocking cost 
from zero initial inventory for August. 


This will continue until starting with June, requirements 
for the balance of the year are being restocked. As the 
algorithm continues, the cost of each new restocking 
period (that month and the number of months following 
it being restocked) for a particular month is compared 
with a previously determined minimum cost. If it is less, 
a new minimum cost has been determined, and this 
restocking pattern will replace the old one as the optimal 
restocking pattern for the month. As should be ap- 
parent, a ‘‘horizon’’ in which the stock will be known to 
go to zero must be determined in order for this 
algorithm to be used. While this may at first seem 
unrealistic, one can see that in any month where the de- 
mand for the product is relatively high, the stock will be 
allowed to go to zero, as the holding cost to that month 
will surpass the benefit in the restocking cost if the re- 
quirements were restocked in the previous month. 


OVERALL PERFORMANCE CONSIDERATIONS 


Generally, the better an algorithm is in determining an 
objective function, the greater the computer perform- 
ance required to execute the algorithm. This is true here, 
with the most numeric intensive solution guaranteed to 
realize the optimal solution to the problem, whereas the 
simpler solutions will only provide approximations to 
this solution. A more complete explanation of these 
three methods can be found in Peterson and Silver’. 


EXAMPLE RESTOCKING PROBLEM 


Routines were written in Pascal to show possible im- 
plementations of the Wagner-Whitin and Silver-Meal 
heuristic. The EOQ method’s results were solved by 
hand and programmable calculator. The following 
example was used to demonstrate the results of these 
methods in solving a general stock management 
problem: . 


A company manufactures video games in 
which a ROM programmed microcomputer 


* Peterson, Rein, and Edward A. Silver, Decision Systems For 


Inventory Management And Production Planning, John 
Wiley & Sons, New York, 1979, pp 308-321. 


AFN-02184A 


Be EE 


is used. The manufacturer from which the 


company buys this microcomputer has an in- 
itial ROM set-up charge of $3000, with the 
cost per part varying from $20 in quantities 
of less than 500, $17.50 in quantities from 
500 to 5000, and $15 in larger quantities. The 
holding cost is determined to be $0.40 per 
part. The company barely missed the 
Christmas rush with its introduction, but has 
determined that the monthly demand for the 
next two years will be: 


Month Demand Month Demand 


January 500 


July 3500 
August 2500 
September 5000 
October 7500 
November 9500 
December 10000 


1500 
2500 
2000 
2000 
1000 


February 
March 
April 
May 
June 


How should the company restock the 
microcomputers? 


The first problem that must be solved (when using the 
Wagner-Whitin method) is the horizon to which the 
stock will be replenished. The criterion to be used is that 
the final month should be a month in which the demand 
in the subsequent month is relatively high. Choosing 
December as the final month would not produce the 
best results, as the requirements for January are low. 
Looking at the demand function, it can be seen that the 
requirements for September are relatively high, so 
August would be a good choice as the horizon month. It 
is assumed that the demand for the second year will be 
similar to the demand predicted for the first year. This 
allows extending the period of calculation beyond the 
first year up to the chosen horizon month. Given the 
total demand function, the part cost, the holding cost, 
and the startup cost, the problem may be plugged into 
the Wagner-Whitin, Silver-Meal and Economic Order 
Quantity methods, and the results calculated. 


Using the EOQ with this demand function yields: 
e Dis 3150 
© A is 3000 
e vis $15.00 
© ris 0.0229 
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This leads to an EOQ of 7418. 


The results obtained from the Wagner-Whitin method, 2 


the Silver-Meal heuristic and the EOQ are shown in 
Table 5. The performance difference between the 
methods is apparent. Although using the Silver-Meal 
heuristic would save the business $12,949 over using the 


EOQ method, using the Wagner-Whitin method would | 


save the business almost $25,000 over using the EOQ 
(surely below the cost of a small business computer!). 


The effect on the performance of the Silver-Meal 


heuristic of choosing a local minimum rather than a 
global minimum can be seen especially in the first few 
months in which it replenishes stock 5 times vs. 3 times 
for the Wagner-Whitin method. It should also be noted 


that the execution time of the Silver-Meal heuristic using _ 


the emulator is still greater than the execution time of 
the Wagner-Whitin method when the 8087 is used (and 
the execution time of the EOQ on the hand calculator 
was much greater than the execution time of either of 
the two iAPX 86/20 programs!). These results are also 


interesting when one realizes that until now the — 


Economic Order Quantity method has been the most 
commonly used method of scheduling stocking intervals. 


Linear Programming 


Linear programming methods are very. powerful ways 
of finding the optimal solution to operations problems. 
For example, if a number of different products can be 
made from a combination of limited resources as ex- 
pressed by a set of equations, a linear program can be 
set up to determine the optimal number of each end 


product to make in order that a certain objective func- 


tion is maximized. This objective function can be prac- 
tically anything if it is a linear function—for example, 
insuring that profit is maximized, that the use of a cer- 
tain facility is maximized, that shipping. costs are 
minimized, etc. Various software packages are available 
on the market to solve linear programs. The package 
which was used in this example consisted of a set of 
FORTRAN subroutines available from IMSL’. To use 


the routines a FORTRAN program is written to set up > 


the appropriate input arrays and call the routine. They 
could very easily be integrated into a friendly interactive 
user environment, where the increased performance of 
the 8087 would be especially apparent and welcomed. 


3IMSL, Inc. 


AFN-02184A 


eek tases 


t - 
a eee ef 


Table 5. Restocking Algorithm Results 


Wagner-Whitin Method 


Month Number 


$985,200 500 


$879,700 


$776,000 


weonrnnaurh wN 


$658,500 
$543,000 
$397,500 


$213,100 


~ $94,000 


Total Hold Costs: 
Replenishment Costs: 
Times Replenished: 8 


$16,200 
$24,000 


Total Cost: $985,200 


Time to calculate above values: 


Using 8087: 310 ms 
Using emulator: 22.98 seconds 


THE SIMPLEX METHOD 


The simplex method is an algorithm which may be used 
to solve linear programs. The problem is specified to the 
routine as an objective function (of a certain number of 
**products’’) and a set of constraints on the constituents 
of these products. The objective function specifies 
exactly how the products are combined to derive the 
objective function. The constraints specify how each of 
the constituents are combined to make up each of the 
products, and also specify the limits imposed on these 
various constituents. 


The set of constraints is usually set up as a two- 
dimensional matrix, while the objective function is set 
up as a vector. The combination of the objective func- 
tion and the set of constraining equations is known as 
the input tableau. The constraining equations may have 
both inequality relations (we must use less than 1000 
eggs) and equality relations (we must use exactly 1000 
eggs). The method itself requires all inequality relations 
to be converted to equality relations. This is done 
through the addition of ‘‘slack’’ and ‘‘surplus’’ 


Silver-Meal Heuristic 


Optimal _ Number Optimal 
to Restock | Cost to Restock Cost 


. 


Economic Order Quantity 


Number Optimal 
to Restock Cost | 
$996,600 $1,009,549 
$984,850 


$995,600 
$888,810 


$836,500 

$769,137 
$742,500 
$664,500 
$549,000 
$403,500 


$651,464 
$536,525 
$308,182 


$189,600 
$67,980 


$31,409 
$24,000 

8 ; 
$1,009,549 


20 ms 
1.91 seconds 


variables, so called beacuse they fill up the slack or take 
up the surplus in an inequality relationship. Through 
many iterations, the method automatically reduces the 
inequality constraints in the original problem to equality 
constraints through the addition of these slack and 
surplus variables. ‘‘Artificial’’ variables are then added 
to the equation to form an initial set of basic variables 
or bases. This basis forms a feasible solution to the 
problem, although this solution is non-optimal. The 
object, however, is to find the optimal solution to the 
problem (the solution that optimizes the objective func- 
tion). This initial form is called the canonical form. It 
transforms the original set of constraint equations and 
the objective function by the addition of artificial, slack 
and surplus variables. 


After the problem has been set into canonical form, 
phase I of the problem is ready to begin. In this phase, 
‘‘nivoting’’ is performed on the constraint variable 
matrix until all the coefficients on the modified objec- 
tive function are less than zero. This pivoting operation 
is very similar to gaussian elimination. A certain 
variable in a certain row and column of the matrix is 
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divided by itself to become 1. Subsequently, every other 
variable in that row must be divided by this variable. All 
other variables in the column containing this variable 
are then eliminated by multiplying the variable set to 
one by the negative of the variable to be eliminated and 
then adding the result of this multiplication to the 
number being eliminated. In order for the matrix to re- 
main valid, this operation must be performed on all 
other columns of the matrix as well, which leads to a 
large number of multiplies and divides. 


Once phase I is complete, phase II must be initiated. 
This phase is required if any of the artificial variables re- 
main in the solution as a basis. Through another round 
of pivoting, the remaining artificial variables are re- 
moved from the solution. What finally comes out is the 
optimal mix of the input variables so the objective func- 
tion is maximized. A more complete description of both 
the simplex method and the revised simplex method can 
be found in Bradley, Hax, and Magnanti‘. 


ROUTINE IMPLEMENTED 


The linear program used in this example is the IMSL° 
routine ‘‘ZX3LP.’’ This routine is the so-called ‘‘easy- 
to-use’’ linear program solver. It solves the linear pro- 
gram using the revised simplex method. On output, it 
provides not only the solution to the problem, but also 
what is called the dual solution. The dual solution gives 
information about how the solution could be enhanced. 
The objective function is input to the routine as a vec- 
tor, while the constraining equations are input to the 
routine as a matrix. Both inequality and equality con- 
straining equations may be used; the routine will 
automatically insert slack and surplus variables. The 
outputs of the routine are two vectors containing the 
‘*primal’’ solution and the dual solution. The routine 
also calculates the optimal value of the objective func- 
tion. The version of the routine used was originally 
developed for the IBM 370/3033 mainframe computer. 
It required no modifications to run on the iAPX 86/20 
using FORTRAN 86. 


EXAMPLE PROBLEM 


The following problem was input to the linear program 
routine: 


A small cookie company has four different 
products: chocolate chip cookies without 
walnuts, chocolate chip cookies with 


“Stephen P. Bradley, Hax, Arnoldo C., and Magnanti, 


Thomas L., Applied Mathematical Programming, Addison- 
Wesley, Reading, Massachusetts, 1977. 
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walnuts, brownies without walnuts, and 
brownies with walnuts. The recipes for the 


four are: 


Chocolate Chip Cookies 
2 eggs 5 

*3 cup shortening 

1 cup sugar 

1 cup brown sugar 

1 tsp. vanilla 

2% cup flour 

1 tsp. baking soda 


1 tsp. salt 
12 oz. chocolate chips 


(1% cup walnuts) 

0.15 hour oven time 

0.25 hr mix time (w/o nuts) 
0.45 hr mix time (w/nuts) 


Brownies 

4 eggs 

*4 cup shortening 
2 cups sugar 


1 tsp. vanilla 
1“cup flour 


1 tsp. baking powder 
1 tsp. salt 


4 oz baking chocolate 
(%4 cup walnuts) | 
0.5 hour oven time — 


0.25 hr mix time (w/o nuts) — 


0.45 hr mix time (w/nuts) 


The available amounts of many of the ingre- 
dients have been set previously by contract 
and may not be altered. They are: 


eggs 
sugar 
brown sugar 
baking chocolate 
) flour : 
baking soda 
baking powder 
chocolate chips 
walnuts 
oven time 
mixing time 


1000 

600 cups 
20 cups 

700 oz. 
600 subs 
150 tsp. 
150 tsp. 

1500 oz. 
125 cups 
560 hours 
750 hours 


The amount of profit made for each type 


cookie is: 


chocolate chip w/o 
chocolate chip with 
brownies w/o 
brownies with 


Cookie Type Profit per Batch 


It is assumed that the cookie company can 
sell everything that it makes. How many of 
each kind of cookie should the company 
make in order that the profit is maximized? 


The problem was set up into the input tableau. The 


objective function is: 


Y = .85*X, + .95*X> + 1.1*X3 + 1.25*X, 
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1000 (eggs) 

600 (sugar) 

200 (b. sugar) 
700 (b. choc) 
600 (flour) 

150 (b. soda) 
150 (b. powder) 
1500 (c. chips) 
125 (walnuts) 
560 (oven time) 
750 (mix time) 


Dod Ul lly AS es el 


Where the variable X; is the number of batches of 
chocolate chip cookies without nuts, X2 is the number 
of batches of chocolate chip cookies with nuts, X3 is the 
number of batches of brownies without nuts, and Xgq is 
the number of batches of brownies with nuts. The input 
tableau is shown in Table 6. These were put into the 


proper input matricies of the ZX3LP program, and the 


following results were generated: 


profit $299.25 
batches of choc chips w/o 

batches of choc chips with 55 
batches of brownies w/o 

batches of brownies with 


In addition, the dual solution shows that the single in- 
gredient most limiting the profit of the cookie company 
is the availability of baking powder, and that for every 
additional unit (teaspoon) of baking powder available, 
the profit of the company will increase 1.12 cents. 


The calculation times are: 


with 8087 
with emulator 


1.01 seconds 
46.78 seconds 
0.7 seconds 
0.07 seconds 


with PDP11/45 
with IBM 3033° 


°Non-Intel computers used were a PDP 11/45 mini-computer 


with 256K MOS RAM, and a FP11-B floating point unit run- 
ning the UNIX operating system during a period of light load. 
The program was compiled using the UNIX F77 FORTRAN 
compiler, and an IBM 370/3033 mainframe computer run- 
ning the VM/CMS operating system during a period of 
medium load (the program, however, did not get swapped 
out of memory during execution). The IBM FORTRAN G 
compiler was used. 


The results show that the performance of the iAPX 
86/20 is close to the performance of the mini-computer. 
In addition, the performance is only a little more than 
an order of magnitude below the performance of the 
IBM mainframe, a ‘‘maxi’’ computer with an execution 
rate of 5 MIPS, and a CPU/hour cost of around $800! 
A comparison of results between the iAPX 86/20 and 
the emulator verifies the speed of the 8087 is required to 
provide results in a reasonable period of time. The 
power and ease of use of this type of sophisticated 
numerical method combined with an ‘‘electronic 
worksheet”’ type of program could be a major advance 
in the ‘‘state of the art’’ of small business machine soft- 
ware. 


CONCLUSIONS 


The types of routines demonstrated in this note show 
that there are many classes of numeric intensive soft- 
ware which are (or should be) commonly used in every- 
day business operations. With the introduction of the 
iAPX 86/20, these types of applications are finally 
within the performance limits of microcomputers selling 
for a fraction of the cost of the previously required 
mini- or maxi-computers. In addition, the availability 
of both Pascal and FORTRAN compilers for the iAPX 
86/20 eases the problem of software generation and 
availability for the processor. Because of the portable 
nature of these high-level languages, a minimum of ef- 
fort is required to generate or to port software to the 
iAPX 86/20 from existing systems. With this kind of 
numeric intensive software support, the 8087 will be an 
essential part of the next generation of small business 
computers. . 
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FORTRAN-86 COMPILER 
:F6: INTST.FOR 


SERIES-III FORTRAN-86 COMPILER X023 


COMPILER 


UW & WN Fe 


ono 


2. Oat: £7 


Q 


INVOKED BY: FORT86.86 :F6:INTST.FOR 


this program provides the yearly effective rate(double and 
single precision) and final value when the interest rate 
(ir), the number of compounding periods (np), 

the present value (pv) are specified. 


real pv,ir,fv,yer 
real*8 fvd,yerd 
tempreal fvt,yert 
integer*2 np,csv 
integer*4 count,rtimer 


$2,000,000., at an interest rate of 10% with daily compounding for 1 year 


pv=2000000. 
ir=.1 
np=365 


set rounding control to single precision 


call stcw87(csv) 
csv=csv .and. #fcffh 
call ldcw87(csv) 


yer=(1+(ir/np))**np - 1 
fv=(1 + yer)*pv 


set rounding control to double precision 


csv=csv .or. #200h 
call ldcw87(csv) 


yerd=(1+(ir/np))**np - 1 
fvd=(1 + yerd)*pv 


set rounding control to temp real precision 


print 


csv=csv .or. #100h 
call ldcw87(csv) 


yert=(1+(ir/np))**np - 1 
fvt=(1 + yert)*pv 


results 

print *,'’single precision: yer=',yer,'fv=',fv 
print *,'double precision: yer=',yerd,'fv=',fvd 
print *,'temp real precision: yer=',yert,'fv=',fvt 
stop 

end 
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| SERIES- “111 Pascal 86, v1. cg Meee gtos Site: pee ech eee i. 


Source File: :Fl1:ANNPl].PAS = = | is $a ee ee Bakes etc 
Object File: :F1:ANNP1.0BJ | aes Sa es {ATES peeenetee 
Controls PORRETSOD eee . ee i ee “Ser = eae ee 
SOURCE TEXT: Fis re : 5 ae =f. oz 
: _ (* ANNUITIES: type 1, the sinking fund ets Sith ose ers eae 
. Sy ae  * if one were to ‘place. $1000 a month into a eaves: fund 
ae) ee ; * earns 12% per annum, compounded daily, what will be the 
Cane Bist * UE She fund after 28 years??? aa 
_ module annuity; a ep = he ee 
-- public cel; et. Po Soe 
function nGdeye Gen camlys real; ade € takes y Posie STE 
program annuity (input, Output) ¢-. pire a 
var | Se | ee 
; 2. is. 2. te the annual interest rate *) aE eis epee 
teat vs; (* the final value *) _ Sie aR t 852) 
Fete ia ae : Siemens (* the amount of the bomen ye Boker 
; fe Pe : irp: (* the. interest rate per period #). 
ta Pas real; 
nps (* the number of periods *) 
integer; ; . : 
; begin 
(* insert dakeniekten values ee 
iv s= Os l2’s: 
- pmt := 1000; 


np i= LZ * 20; aaet (* 20 years of months *) — 


C* calculate the effective interest rate per period *) 
irp := mgery2x((1+(ir/365. ®)), 365. 0/12. 8)- ts 


(* effective monthly rate *) 


7 ; (* calculate the future value *) 
| Seep nit, inpekyee il Airey aes 1)/irp: 


(* print results *) 
~writeln('the effective monthly ici is" icp: 18); 
writeln('the future value of the annuity is',fv: 12: 2): ate 
4 ; writeln('the total contribution to the annuity A a 12 


I FORTRAN-86 COMPILER X623 
aiid BY: FORT86. 86 —- 


are Leis ina si Fs fund $1600. 06 a month, and it 
earns an interest rate of 12% per annum compounded daily, 
what will be the value of the fund after 28 years? 


sear geal iv ay.ty, vnc: irp 
Teas eeal*s tya,irpa 
Eth a eempreal fvt, irpt 
ie sarnt. 7! AREEGOEX2 Cwv . 
ge integer np : 


soe. tee a ee | oy ee | 
ee pmt = 1000. ; . 
> the ‘number of periods is the number of months in 26 years! (one period 
€ is one month 


eos ; np = 20*12 hfe Be i i 
sae z Ven : ( 
set the 8087 to single precision mode 


call stcw87 (cwv) 
\  cewv=cwv .and. #fcffh 
a — call ldew87(cwv) 


wy ae 
-¢ first calculate the effective interest rate per period 
Spy SO eae . | 
aa Poe As irp'= (1#(ir7/365:5) 44 (365.225) = 1. 
Megs . 
~'S then calculate the future value 
Sony hi 
ae fv = pmt * ((1 t+irp)**np - 1)/irp 
pital By 
print *,'single precision values:' 
am print *,'the effective rate per month is',irp 3 
Peet hat” write(6,800)fv 
Cg eT write (6,881) np*pmt 
8 806 format('the future value of the annuity is',f18.2) 
2. < BOI format('the total contribution to ‘the annuity is',f18.2) 
ee ; | ota ; ‘ 
c set the 8087 to double precision mode 
‘Se a . . 
Sig - cwv=cwv .or. #200h Pry cd <5 
‘en call ldcw87 (cwv) | 
Te : 
_¢ first calculate the effective interest rate per period 
mips... ' . * 
Mie ' dirpd = (1+(ir/365.))**(365d0/12d8) -~- 1 ~ 4 


then calculate the future value | a ae 
fvd = pmt * ((1 +irpd)**np - 1)/irpd 


print *,'double precision values:' | ' 


-FORTRAN-86. COMPILER 
"+: P1:ANNUL. FOR Jae 


x 


25 fA print *,'the effective rate per month is',irpd 
200" write(6,800)fvd ey oe 
27. write(6,801)np*pmt - , 
Cc _ ‘ , ’ ’ 
c set the 8087 to temp real precision mode 
e ‘ 
28 er cwv=cwv .or. #180h 
Ss ae call ldcw87(cwv) : ‘ 
le he fc ‘esd 5 © ER S daiay 
‘ -_¢ first calculate the effective interest rate per period 
: te c ES ag - ¥ 
30 Soa | irpt = Ce Fer ei .)) ##(365t0/12t8) See Mee: 
on | 
-¢ then calculate the future value ie ee ? 
Cc i » - 
31 & syle EVt eopmet"*" (C1 +irpt)**np - - ‘1)/irpt 
c vine 
= Pa * (print *,"temp. real precision values:'! 
oo print *,'the effective rate per month is',irpt 
‘ 34 ‘\. write, 808) fvt eR 
4 35 ‘Soe. waite (6, 801)np*pmt . 
38 » i “BGep 


end 


:F6: 
3Fi 


: SMCT. PAS 
: SMCT.OBJ 


trols Specified: <none>. 


. 


* ' 


+ tt ee & 


* 


*) 


SOURCE TEXT: 


:F6:SMCT.PAS 
(* This is going to try to find the optimal replacement cost 
for a rather variable demand product over 20 months, when 


the demand is known, an example could be a video game, using 


a single chip ROM programmed microcomputer with an initial set 
up charge of $3000.00, demand varies a lot with peak in october 


and november(for Christmas), droops in may(vacations), etc. 


The cost per part varies from $20.00 per part up to 500, 


$17.50 per part from 500 to 5000, and $15.00 above 5,000. 
The Sliver-Meal heuristic is going to be used. 


module silver _meal; 
public timers; 


function rtimer: integer: 
procedure stimer; 


months = 20; 
monthspl = 21; 


setupcost = 3000.0; 
holdcost = 0.4; 

reallarge = 1.0e10; 
reallargei = 32000; 


program silver meal(input,output) ; 
const 


var \ 
repl:. (* first time stock goes to 0 for a given month *) 
array[l..months] of integer; 
: tomake, (* the number of boxes to make in a month *) 
require: (* number of boxes required in a given month *) 
array[l..monthspl] of real; 
trcut, . 
holdcostv: (* holding costs *) 
array[l..months] of real; 
cost, (* calculated cost in a given situation *) 
. costl, (* production cost *) 
cost2, (* holding cost *) ; 
totalcost, (* the total cost of it all ty . < 
lastcost,. (* used in determining the total cost *) 
totalholdcost: (* the total hold cost *) 4 
real; 
ie Pee (* counters *) 
integer; ; , 
: totent, (* accumulated number of boxes in a batch *) 
holdecnt: (* number of boxed holding *) 
real; 
count: (* the 10 ms count *) 
integer; 
begin . 
require[1] := 500; 
require[2] := 1500; 
require[3] := 2500; 
require[4] := 2000; r 
2 \ 


. Sap sw “ 24 ‘ 
Sls ihe) Ee ge ae pee 


a 
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SOURCE TEXT: :F6:SMCT.PAS 


require[5] := 2000; 
require[6] := 1000; 
require[7] := 3500; 
require[8] := 2500; 
require[9] := 5000; 
require[10] := 7500; 
require[11] := 9500; 
require[12] := 10000; 
require[13] := 500; 
require[14] := 1500; 
require[15] := 2500; 
require[16] := 2000; 
require[17] := 2000; 
require[18] := 1000; 
require[19] := 3500; 
require[20] := 
require[monthspl] := reallargei; 
stimer; 
A: 212 
while i <= months do begin 

treut[i] := reallarge; 

totcnt. <=. 0% 

1 4m a¢ 

while j <= monthspl do begin 


totent := totcnt + require[j]; 
if totcent < 500 then costl 


2500; (* stop here, because the next month is much 


higher can assume will restock then *) 


(* start the timer *) 


20,0 -* totent 


(* i is the month working on *) 


else if totcnt < 5000 then costl := 17.5 * totcnt 
else costl := 15.0 * totcnt; 
cost2 := 0.0; 
holdent := totcnt? 
for k := ito j - 1 do begin 
holdent := holdent - require[k]; 
cost2 := cost2 + holdent * holdcost; 
end; 
cost := (setupcost + cost2 + costl)/(j - i+ 1); 
if cost < trcut{Li] then begin 


trcut[i] <= cost; 
tomake[i] := totcnt; 
holdcostv[i] := cost2; 


end 

else begin ‘ 
repl[i] := j; 

J; 

monthspl ; 


# 
a 


j ra 4 4 1; 
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~ SOURCE TEXT: :F6:SMCT. 


ae a totalcost := 0; 
pety 3? 
a it ee 
eats ye i = 5 then 
"ie eae  -write(i:5 
J a rae writeln(' 


oe eT lastcost 


writeln('month restock# 


PAS : Sapte elope x3 
ie ilies cost. per period’ 3 


as 
g 


for i := 1 to months do pesin 


aa 
',tomake[i]:6, 
* Featoching now' ‘: 


j := Sn an ; 


treut[il]; 


',treut[i}:10: 


2); 


| totalcost := totalcost + lastcost; 
é end 4 is | 
pis A else begin . 
G24 *,e0 £3) -totaleest.:= totalcost .+ lastcost; 
oa writeln(i:5); ; 
pe Nex! end; 

reer end; 
racine eee Reem cls | 
SR: 4 5 ¢@ 0% | 
Men, _ totalholdcost := 0.0; 2 

~. while i <= months do begin 

ioe Ss Skee totalholdcost := totalholdcost + holdcostvt iJ; 
ae eed 2 es PY 
Pe ee Eee pepaliy: 

as end; % es 

ss writeln('the total hold cost is',totalholdcost:12:2); 
Pies), writeln('stock gets replenished',j:4,' times'); 

og SNe  writeln('replenishment cost is',j*setupcost:12:2); ; 

—  writeln('the total cost thingy is',totalcost); ; 
43;  writeln('the 10 ms count is ',count); © 
elo ae : 
‘ "| i 
Information: ‘ 
OFFSET CODE SIZE DATA SIZE STACK SIZE 
0108H O5F7H 1527D O1ACH 428D O0OOEH 14D 
eer O6FFH 1791D O1ACH 428D 0042H 66D 


"0 Errors Detected. . 
1% Utilization of Memory. 


SERIES-III Pascal-86, V1.1 


Source File: :F6:WAGCT.PAS Ds 2h 3 ta aaa Ke 
Object File: :F6:WAGCT.OBJ a . | ; A ieee 
Controls Specified: <none>. pes ; : es 
way we t sei ag ae 

SOURCE TEXT: :F6:WAGCT.PAS ee i ea ve a 
(* This is going to try to find ie’ opt tial, Ets aneaemats ook 


- *® for a rather variable demand product over 20 months, when 
* the demand is known, an example could be a video game, vt “ 
* a single chip ROM programmed microcomputer with an initi te 
* up charge of $3000.00, demand varies a lot with peak in oct ae 
* and november(for Christmas), droops in may(vacations),_ etc. @ 
* 


The cost per part varies from $20.00 per part up to 5 a 
e $17.50 per part from 500 to 5000, and $15.00 above 5 000. "ids 
module wag _ with; 
public timers; 
function rtimer:integer; 
procedure stimer; ; 
program wag _with(input,output); . vee 
const i : 3% 
months = 20; | 
monthspl = 21; 
setupcost = 3000.00; (* mask set up charge *) : 
holdcost = 0.4; (* cost per part of maintaining 
reallarge = 1,0e9; 


* 


var 3 
require, . (* number of chips radii wed in a given setae! 
tomake: -" “(* ‘the nutiber* of chips to make ina month Bap iis 

array[l..months] of real; re Aen ee 
repl: (* first time stock goes to 0 for a given month 
~array[1l..months] of integer; SED Ses 
optwz: (* optimum cost for a given month with zero 
é to start with *) | Ret cr 
array(l..monthspl] of real; | ' 
holdcostv: (* holding costs *) . 
_ array[l..months] of real; | 
cost, (* calculated cost in a given situation *) 

: : costl, (* production cost *) ,; 
cost2, (* holding cost *) 
totalcost, (* the total cost of it all *) 
totalholdcost: (* the total hold cost *) 

real; ; 
: ee Be (* counters ny 
integer; , 
, totent, .  (* accumulated number of chips in a batch *) 
holdecnt: , (* number of boxed holding *) 
real; 5: i 3. ; 2 ti 
count: — . (* ‘30 ns count *) | fee 
integer; 
‘ begin 


optwz[monthsp1 ] := O;. 
require[1] := 500; 
require[2] := 1500; 
| require[3] := 2500; 
t require[4] := 2000; 


WAGCT. P? 


- SouRCE TEXT: :F6: .PAS ce 2 : 
— 3s ~require([5] := 2000; 
ess; require[6] := 1000; : = 
ec _ require[7] := 3500; Seething % 
= -require[8] := 2500; a, : it 
—  require[9] := 5000; ; sore ) 
ra require[10] := 7500; © i be 
_require{11] := 9500; 
- require[{12] := 10000; ‘ ; 
- require[13] := 500; | : 
 -require[{14] := 1500; 2 
fee xrequire[15] := 2500; = e / 
; - require[16] := 2000; ¢ ; 
\ require[17] := 2000; 
- require[18] := 1000; 
- require[19] := 3500; if 
require[20] := 2500; (* stop here, because the next month is much ~ 
aes > higher can assume will restock then *) 
wep Netiners = ; emery. = ok . 
for i := months downto 1 do begin (* i is the month working on *) 
Soci | eptwzlil-:=s peallarge; Sa 
Ste ce’ etebon' 25.05 | . | 
ee eae for j := i to months do begin (* 4 is the option working on + 
eR See totent := totcnt + require[j]; | a 
Prin ay Te &.costl += setupcost+toptwz[jtl]; eis 
Sepak : Lf totcnt <= 500 then costl := costl + 20.0*totcnt ~ 
SS eee else if totcnt <= 5000 then costl := costl + 17. 5*totent 
Ss eee eae else pone? := costl + 15. O*totcnt; fie 
2 a eae cost2 := 0.0; 
eee oe. holache” += totent; _ 
oe as tor kK ii “to J = 1 -de*begin “-. : 
ioe’ holdent := holdent - require[k]; 
SN Rae ee cost2 := cost2 + paras s holdcost: 
Be Ness Pe . end; fea ‘ 
iN ogee ae cost := costl + cost2; k rz 
= ats | LE. cost: < optwz[i] then begin 
esc ee: as optwz[i] := cost; : 
Satna C replfij] := 43+ 1; 
oa tomake[i] := totcnt; s 
ie ae holdcostv[i] := cost2; io 
=o end; ied § , 
eoraaee end; 
a end; 
, count := rti er; / 
3 j 2=.1; 
* writeln('month restock# optimal cost'); 
: for i := 1 to months do begin iy Shgees : 
write(i:5,' ‘',tomake[i]:6, ' optwzLit:10:2).; 
if i= j then begin 
Cen writeln(' * restocking now'); “y| 
ue j := repl(3j]; ae : 
2 . end “f 


end; 


oe 


ver 


else writeln; 
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SERIES-III Pascal-86, Vl.1l 


SOURCE TEXT: :F6:WAGCT.PAS 
i :=1; 
j.:2'0; 
totalholdcost := 0.0; 
while i <= months do begin 
totalholdcost := totalholdcost + holdcostv[i]; 
7 ee Le 
i := repl({il; 
end; 
writeln('the total hold cost is',totalholdcost:12:2); 
writeln('stock gets replenished',j:4,' times'); 
writeln('replenishment cost is',j*setupcost:12:2); 
writeln('the 10 ms count is ',count); 


end. 


Summary Information: 


PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE 
WAG WITH 2 OOE5H 0O576H 1398D 0O1A8H 424D OOOEH 14D 
Total O65BH 1627D 0O1A8H 424D 0042H 66D 


119 Lines Read. 
O Errors Detected. 


41% Utilization of Memory. 
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+, | uae , ' ; 
ic this routine will solve a linear problem using the IMSL Eectian ' 


AE - 3 library. the IMSL routine used is "zx3lp" which solves the problem 
¢ using the revised simplex method. 
Mes oe tt : 


integer ia,n,ml,m2,iw(37),ier 
real*8 a(13,4),b(13),c(4),rw(206) ,psol(11),dso1(13),s 
integer*4 rtimer,count 


Matte Af pli si Os 2A ps O12. 00, 1B 28.0500, ce, 


a be Zoey le pl os ip2s25, Fs, 06,12. 7955.15) 45105,025 
2 * Be eB 6 ¢ Be FREE 7 0 os (04, Ors eDcrmerUrsOes 
J * B46 2250s Oe, 3125 (Oe 24 (Oey 1655.0, 1A 8 05 c ' 


data b/1000.,600.,200.,700.,600.,150.,150.,1500.,125.,560.,750.,0.,0. / 
data c/.@5, .95,1. 10, 1.25/ ‘ 


c 
ess nis the number of variables 
c ml is the number of inequality cofistraints 3 
oy m2 is the number of equality constraints 
e ia is the declared number of columns of a 
fo 
ml = 11 
et a 
n= 4 
ia = 13 


print *,’the input’ tableau: ' 
do 100 i=1, ia-2 
if write(6,800)a(i,1),a(i,2),a(i,3),a(i,4) ,b(i) ) 
800 format (4£10.4,' <= ',f£10.4) 
100 continue 


call stimer 
call zx3lp(a,ia,b,c,n,ml,m2,s,psol,dsol,rw,iw,ier) 
count = rtimer () 


(pfint ©, "ter « *, ter 

print *,'the final value of the objective function(profit!) is:',s 
print *,'batches of chocolate chip w/o walnuts:',psol(1) 

print *,'batches of chocolate chip with walnuts:',psol(2) 

print *,'batches of brownies without walnuts:',psol(3) 

print *,'batches of brownies with walnuts:',psol(4) 

print *,'the dual solutions follow:' 


do 200 i=l, la-2 ’ 


: : print.*;*var*,i,* «= *,daoi(i} | ' 
200 continue 
print *,'the calculation time here (in seconds...) is: ',count/100. 
stop A 
end rf 


rf a: by . a ” 4 
~~" = , Le ey ’ \ on ~ . a 
ai 3 , : : j : Yl saree , oF ’ bo gees Beery f 
3 by { ; Aas ee ) . Se : y . ; P ) 
rac PA - sees ‘e are E se : te . 3-216 <i ‘ thy d ; Wing ae : i oh 
> Ce eye” + abt 2 2 4 . ie os 7 ‘4d hes = Pe .. ¢ g* = : os —. wit 
Z ‘ " a ¢ : . =S - - 3 ; ‘ a =e oY oe 4 Dn . - ’ = tx 4 Fi, 
fF. A ¥ 4 . ee ~Yire (oo ; - t t . trey ae ee | a es 
: 3 . . >. : th, re ie AY Pz , Pe 
€ 
Fi , 


: ” yee at «Se gh ieee = Gs. A ia Ss Pais e ute PS ah : 2 6 Areas sO. ns #i ae me i sit eae) a pean A TE) 5 ue aD , : a = tT ees. oe fis Me Oe eS re Sg ae 

z ; p v5 ‘ j / : a 
i] 2 7. 5 ¢ ‘ ’ 

& : j : , : : ; oy 
: / i i ; “ 
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INTRODUCTION | 


-. As the performance of microcomputers has improved, 


these machines have been used in many applications. 
With the introduction of 16-bit microprocessors (along 
with the associated CPU enhancements, especially the 
integer multiply instruction) the operations required to 
manipulate graphic representations of three- 
dimensional objects were made easier. Only integer 
values could be used to define figures, however, because 
only integer multiplies were supported in hardware. 
While software floating point routines existed, the speed 
at which a general purpose microprocessor could ex- 
ecute even the simplest floating point operation preclud- 
ed the use of these routines because of the number of 
floating point operations which must be performed to 
manipulate all but the simplest of objects. é 


The lack of high performance floating point math or the 
restriction of using only integer representations severely 
limits the types and sizes of objects that can be defined. 
Imagine limiting everything in the universe to be less 


_ than 32,000 millimeters long, high, or wide! This limita- 


tion could severely impact any system that is used to 
model real world objects. An example of such an ap- 
plication is a Computer Aided Design (CAD) system. If 
real or floating point numbers are used, however, prac- 
tically any object can be defined (after all, there are only 
9,397 ,728,000,000,000,000 millimeters in a light year(!), 
well within the range of floating point numbers). With 
the introduction of the iAPX 86/20, the performance 
required to execute the requisite operations on floating 
point representations of three-dimensional figures has 
finally been achieved in a microprocessor solution, at a 
microprocessor price. 


The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co-processor. This combination allows. for 
high performance, high precision numeric operations. 
This performance is especially important in the graphics 
routines implemented in this note because of the large 
number of floating point operations performed for each 
line drawn. In addition, the precision is required to 
maintain the image quality of the represented figures. 


This application note shows the fundamental com- 
ponents of a three-dimensional graphics package. As 
stated before, if the objects are to be described in real 
size, floating point values must be used. Since the opera- 
tions performed require many multiplies and divides, a 
high performance floating point arithmetic unit is a 
must. Note that the operations to be performed by this 
software are not those of a ‘‘bit map’’ controller: single 
chip devices performing this specialized task are or will 
soon be available. Because they are special-purpose 
devices, they can also execute this task quickly, 
offloading the task from the general purpose 
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microprocessor allowing the processor to perform other 
work in parallel. In addition, since the size of the 
memory used in a bit-mapped controller is constrained 
(one could hardly have unlimited memory for the 
refresh map), only integer math is required. This 
graphics package is a much higher level type of routine, 
where the inputs are three-dimensional line drawing 
commands (which could be fed into a bit map con- 
troller). 


The three-dimensional graphics package implemented 
in this note allows for the entry of three-dimensional 
figures, the manipulation of these figures, the setting of 
the viewer’s location, the size of the picture to be seen, 
and the position of the picture on the graphics output 
device. Along the way, it performs perspective transfor- 
mations, window clipping and projection. All figures 
are defined using floating point numbers. Thus, any 
figure may be defined ‘‘real size’’ without pre-scaling. 
This means that the size of the figure defined within the 
package may be the actual size of the object, i.e. the size 
of the object is not arbitrarily limited by the machine, 
whether the object be a sub-nuclear particle, or a 
cellestial body. 


iAPX 86/20 HARDWARE OVERVIEW 


The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general purpose 16-bit registers, memory segmentation, 
and many other features allowing for compact, efficient 
code generation from high-level language compilers. 
When augmented with the 8087, it becomes a vehicle for 
high-speed numerics processing. The 8087 adds eight 
80-bit internal floating point registers, and a floating 
point arithmetic logic unit (ALU) which can speed 
floating point operations by up to 100 times over other 
software floating point simulators or emulators. 


The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 
When a numeric instruction is decoded, the 8086 
generates any needed memory addresses for the 8087. 
The 8087 then begins instruction execution automatical- 
ly. No other software interface is required, unlike other 
floating point processors currently available where, for 
example, the main processor must explicitly write the 
floating point numbers and commands into the floating 
point unit. The 8086 then continues to execute non- 
numeric instructions until another 8087 instruction is 
encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The parallel 
8086 and 8087 processing is known as concurrency. 
Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric insructions is being executed 
(meaning there is no concurrency), the numeric perfor- 
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mance of the 8087 ALU is much greater than that of the 
8086 alone. 


The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
access memory independently of the 8086, it must be 
able to become the ‘‘bus master,”’ 
_ with read and write control of all the address, data and 
status lines. - 


The TEST/ BUSY pin is used to manage the concurren- 
cy mentioned above. Whenever the 8087 is executing an 
instruction, it sets the BUSY pin high. A single 8086 in- 
struction (the WAIT instruction) tests the state of this 
pin. If this pin is high, the WAIT instruction will cause 
the 8086 to wait until the pin is returned low. Therefore, 
to insure that the 8086 does not attempt to fetch a 
numeric instruction while the 8087 is still working on a 


_ previous numeric instruction, the WAIT instruction. 


needs to precede most numeric instructions (the only 
class of instructions which do not need to be preceded 
by a WAIT instruction are those which access the con- 
trol registers of the 8087). The 8086/87/88 assembler, 
in addition to all INTEL compilers, automatically in- 
serts this WAIT instruction before most numeric in- 
structions. Software polling can be used to determine 
the state of the BUSY pin if the hardware handshaking 


+ INTR 


8259A 
PIC 


| 
| 
fe etn 6 


8284A 
CLOCK 

GENERATOR 

CLK 


INT 


WH Pow 27; t 
> “a5 os r " es \ ‘ > “ . - 
Pe. ee je ea, ye Ak : : cs Pad x : ee oe &S > 40 
5 e pele a aT . ee ENS = : aot “a | ~ 
+e , >; “x 2 : ri i a? 
j 


that is, the processor 


software support for the iAPX 86/20 provides for = 


8086/8088 
CLK CPU 


RQ/GT1 
Qso Qsi1 TEST 
QS0 QS1 BUSY 
RQIGTO 


ERS aie’ yt NOP 


Figure 1. Example 86/20 System 


is not desired. 


Most other lines (address, stisiie, Gs} are ‘inca 
directly in parallel between the 8086 and the 8087. An ie | 
exception to this is the 8087 interrupt pin. This signal — aa 
must be routed to an external interrupt controller. An 2 o 
example iAPX 86/20 system is shown in Figure. 1. AD 
more complete discussion of both the handshaking pro- — 
tocol between the 8086 and the 8087 and the internal — 
operation of the 8087 can be found in the application — 
note Getting Started With the Numeric Data Processor, 
Ap Note #113 by Bill Rash, or by consulting the | St @ 
numerics section of the July 1981 tAPX se; 88 Users 
Manual. i as a 


In addition to the 8087 hardware, the 3086 j is- ala sup eRe nly 
ported by Intel compilers for both Pascal and ee i 
TRAN. Code generated by these compilers can easily be “ 

combined with code generated from the other compiler, Ss : 
from the Intel 8086/87/88 macro assembler, or the In- x 
tel PL/M compiler. In addition, these compilers - pro 
duce in-line code for the 8087 when numeric operations 
are required. By producing in-line code rather than. call | 
to floating point routines, the software overhead of an 
unnecessary procedure call and return is eliminated. 


ag 


The combination of both hardware co-processors ae: ae 


ges 
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greater performance of the end product, and a quicker, 
easier development effort. ee 
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THREE-DIMENSIONAL GRAPHICS 
FUNDAMENTALS 


The charter in life of a three-dimensional graphics 
package is to take a three-dimensional rendering of an 
object and to transform it such that it can be accurately 
represented on the two-dimensional surface of a 
graphics output device. To fulfill these requirements, 
the graphics package must: 


e Allow for the entry of three-dimensional data. 
Since all figures inside the package are represented 
as a series of points in three-dimensional space, 
there must be a way of entering these figures into 
the computer. 


e Perform the current transformation. This 

transformation rotates, translates and scales the 
three-dimensional object throughout three- 
dimensional space. Example rotates, translates 
and scales are shown in Figures 2-11. In all 
diagrams, the first coordinate indicated is X, the 
second Y, the third Z. The viewpoint is the loca- 
tion of the viewer in three-dimensional space in 
relationship to an arbitrarily chosen but consistent 
origin. 
Translations are movements of the object in three- 
dimensional space. Example translations are 
shown in Figures 3-5. Figure 3 shows a translation 
of two units in the plus Z direction. Since the view- 
point is ten units up along the Z axis, this moves 
the cube one-fifth the distance toward the viewer, 
or in other words, the cube seems to get larger. 
Figure 4 shows the same cube translated two units 
in the plus X direction. Since the cube is four units 
on a side, this moves the cube such that the viewer 
is looking straight down one side of the cube. The 
viewer is also looking straight down a side in 
Figure 5. 


Rotations are movements of the object in three- 
dimensional space about the three-coordinate 
axis: X, Y, and Z. The rotation of the object must 
specify both the magnitude of the rotation, and 
the axis about which the rotation must take place. 
Example rotates are shown in Figures 6-8. Figure 
6 shows the cube rotated 45 degrees about the Z 
axis. Since the viewpoint is straight up the Z axis, 
the cube is seen to keep its same face towards the 
viewer. Figure 7 shows the cube rotated 45 degrees 
about the X axis. Here, the cube no longer shows 
the same face it has previously. The face previous- 
ly turned directly toward the viewer has been 
rotated such that the edge between this face and 
another face is immediately before the viewer. The 
same is also shown in the rotation about the Y axis 
in Figure 8. 
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Scaling is the multiplication of all coordinates of 
the points defining a figure by a constant number 
such that the object becomes larger or smaller. Ex- 
ample scales are shown in Figures 9-11. This scal- 
ing need not be uniformly performed for all 
dimensions of an object. If, for example, the Z 
coordinates of a cube are all scaled to be twice as 
large as they originally were, the image shown in 
Figure 9 would be produced. Notice here that the 
X and Y coordinates have not been altered; only 
the Z coordinates are twice as large as they 
originally were, or alternatively, the front and 
back of the cube are closer and farther away from 
the viewer than in the original, unaltered cube. 
Figure 10 shows this same operation being per- 
formed on the X coordinates, while Figure 11 
shows this operation being performed on Y co- 
ordinates. 


Figure 2. 2x 2x 2 Cube Centered at (0,0,0) 


Viewed from (0,0,10) 


Figure 3. Same Cube and Viewpoint, +2 Z 


Translation 
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~ 


+2 X Translate 


4. Same Cube, Viewpoint 


Figure 


Figure 7. Same Cube, Viewpoint, 45 


Figure 5. Same Cube, Viewpoint, +2 Tre 


Figure 6. Same Cube, Viewpoint, 45 Degree 


Rotation About X 


Rotation About Z 


‘ 


Figure 9. Same Cube, Viewpont 2 x Scale of z 


p Figure 10. Same Cube, Viewpoint, 2 x Scale of X 


Figure 11. Same Cube, Viewpoint, 2 x Scale of Y 


" 
- 


. 


Figure 12. 2x 2x 2 Cube Centered at (0,0,0) Viewed from (0,0,10) Then from (10,10,0) 


Perform the viewing transformation. This 
transformation moves and rotates the three 
dimensional figure according to the viewer’s loca- 
tion and orientation (the direction the viewer is 
facing) in space. An example of changing the view 
location is shown in Figure 12. Again, this loca- 
tion, or viewpoint, is the viewer’s location with 
relation to an arbitrarily chosen origin. 


Perform Z-clipping on the three-dimensional 
data. This insures that only data in front of the 
viewer are displayed. In addition, it allows that 
objects beyond a certain distance from the viewer 
will not be displayed. 


Project the three-dimensional data onto a two 
dimensional surface. The objects must be pro- 
jected onto a two-dimensional surface according 
to the laws of perspective. By changing the 
‘‘vanishing point,’’ interesting effects are also 


_ possible. An example of this is shown in Figure 13. 


Here, the first figure shows exaggerated perspec- 
tive (that is, the difference in perceived size be- 
tween the front face and the back face of the cube 
is exaggerated), where the second figure shows the 
object with subdued perspective (the difference in 
the perceived sizes of the front and back faces is 
much less than in the first figure). Exaggerated 
perspective is generated for objects close to the 
viewer, while subdued perspective is generated for 
objects distant from the viewer. Note that the 
same figure, with the same dimensions, is shown 
in both figures; only the perspective values have 


been changed. 
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e Perform X-Y clipping on the projected data. This 
cuts off lines in the projected data extending 
beyond the specified ‘‘window.”’ 


¢ Perform the window to viewport transformation. 
This takes the two-dimensional projected values 
and scales them according to the relative sizes of 
the ‘‘window”’ and the ‘‘viewport.”’ 


The ‘‘window’’ describes the size of the viewer’s portal 
into the data, whereas the ‘‘viewport’’ describes the size 
and position of this portal on the ‘graphics output 
device. Whereas the window’s size is determined by the 
size of the input data, the viewport size is determined by 
the physical characteristics of the graphics display 
device. For example, the viewport coordinates of a cer- 
tain CRT display may be constrained to be between 0 


and 1023 in both the X and Y dimensions, whereas the | 


window limits are determined only by the maximum size 
of numbers the computer can store. Thus, for maximum 
generality and utility, floating point numbers must be 
used to represent the three-dimensional figures. 


A good reference to the techniques used in this three- 
dimensional graphics implementation can be found in 
Newman and Sproull J 


1 Newman, William M. and Robert F. Sproull, Principles of 
Interactive Computer Graphics, McGraw-Hill Book Com- 


pany, New York, 1979. 
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Figure 13. Example Cube Shown with Exaggerated Perspective, then with Subdued Perspective 


IMPLEMENTATION 


Three-dimensional graphics systems can be split into 
three functional modules: the input hardware, the pro- 
cessing hardware, and the output hardware. The 
graphics software is executed by the processing hard- 
ware and is used to receive figure definitions from the 
input hardware, store them in one form or another, and 
manipulate them such that they can be displayed on the 
output hardware. 


Input hardware can range from the common typewriter 
keyboard to sophisticated three-dimensional input 
devices. Output hardware can range from a plotter toa 
storage tube terminal to a bit-mapped raster scan 
display or a vector drawing*CRT. 


The processing hardware can range from general pur- 
pose minicomputers to very fast, specialized graphics 
processing hardware. General purpose computers are 
used because they allow applications programs to be 
written in higher level languages. Specialized hardware 
is sometimes employed when very fast manipulations 
are required, such as in the real time graphics applica- 
tions found in flight simulators. This specialized hard- 
ware can be used to perform whole matrix transforma- 
tions. Many applications do not require figures to be 
drawn real time (on the order of one complete picture 
every 1/30 sec), however, and can be satisfied by the 
performance of the general purpose computer alone. A 
typical application which is satisfied by these latter re- 


quirements is a Computer Aided Design (CAD) system. 
However, since these graphics systems often exist in an 
interactive environment, picture processing delays 
greater than a few seconds for simple figures, or greater 
than a few minutes for very complex figures cannot be 
tolerated. Because of these processing requirements, a 
mini-computer with a hardware floating point unit has 
been required to drive these graphics systems. However, 
with the introduction of the 8087, the floating point 
processing performance required by these systems can 
finally be met in a microcomputer solution. 


The microcomputer system used in this three- 
dimensional. graphics application is a general purpose 
microcomputer embodied in the iAPX 86/12 board 


found in an Intel Intellec® Series III development 
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system. All routines implemented in this application 
note were written entirely in FORTRAN using the Intel 
FORTRAN 86 compiler. Any iAPX 86/20 (or iAPX 
88/20) with enough memory can be used to execute the 
programs, however. The amount of memory required 
depends on the number and complexity of the figures to 
be displayed. The source code for all routines used in 
this note are given in the appendix. 
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HP 7225A PLOTTER 


SERIES lil DEVELOPMENT 
SYSTEM WITH iSBC® 86/12 ee 
BOARD & iSBC 337 MULTIMODULE 


multimodule 


a as 
86/12 board 


Figure 14. Computer System Used in This Graphics Implementation 


The graphics output device used was a HP 7225A flat 
bed plotter. Communications were performed using the 
RS232 serial link on the 86/12 board. The communica- 
tions speed of the line to the plotter was 600 baud. 
Because of the number of lines drawn in the more com- 
plex figures, the physical characteristics of the plotter, 


and the communications line speed, the amount of time: 
required to draw a large picture was a function of the 


plotter speed, not the execution speed of the iAPX 
86/20. As a result, all times quoted in this note do not 
reflect the plotting time. Only the time up to placing the 
ASCII character into the buffer of a serial communica- 
tions chip is included for all machines quoted. Higher 
speed graphics display devices (which are not limited by 
the physical characteristics of plotters) can use the speed 
of the iAPX 86/20 to full advantage. 


The graphics input device used was the standard 
alphanumeric keyboard attached to the development 
system. This allows entry of figures, as well as control 
of the graphics system. Input can also be fetched from 
disk storage, however, to allow for greater speed in 
defining large figures. A block diagram of the hardware 
system used in this implementation is shown in Figure 
14. 


All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 8087 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized hard- 
ware floating point unit. 


The 8087 supports various data formats. For real 
numbers, these formats are short real (or single preci- 
sion), long real (or double precision), and temporary 
real (or extended precision). The differences among the 
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three are in the number of bits allocated to represent a 
given floating point number. 


In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit shows whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the ‘‘normalized’’ value of the number. 


A ‘‘normalized’’ number is one that always lies within a 
certain range. By dividing a number by a certain power 
of two, most numbers can be made to lie between the 
numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the ex- 
ponent of the number, and the result of this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain ‘‘special cases.’’ 


As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 8 
exponent bits and 23 significand or mantissa bits. Long 
real numbers provide 11 exponent bits and 52 signifi- 
cand bits. Temporary real numbers provide 15 exponent 
bits and 64 significand bits. These data formats are 
shown in Figure 15. Thus, of the three data formats im- 
plemented, short real provides the least amount of 
precision, while temporary real provides the greatest 
amount of precision. These levels of precision represent 
only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented to temporary 
real precision. Numbers are automatically converted in- 


to the temporary real precision when they are loaded in- 
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TEMPORARY REAL: 16383 (3FFFH) 


Figure 15. Floating Point Data Formats 


to the 8087. In addition to real format numbers, the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. 


Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number ten 
bytes (80 bits). In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers are insignificant com- 
pared to the processing time, however, since all opera- 
tions are performed to the internal 80-bit precision. This 
makes the choice of which precision to use in an iAPX 
86/20 system a function only of memory limitations 
and precision requirements. 


Double precision numbers were chosen for this graphics 
implementation because they allow a very wide range of 
numbers to be represented with high precision. This is 
important, since the package allows the user to magnify 
small parts of defined figures. Without’ the precision 
gained by using double precision numbers, the image of 


the object could easily be distorted under such scrutiny. | 


3-226 


Three-Dimensional Figure Description 
and User Interface 


The graphics user interface implemented in this note is 
both functional and simple. It does not require the use 
of specialized three-dimensional input hardware. All in- 
put data is keyed in through the keyboard. 


The package allows. for definition of figures for future 
use within the graphics package. This feature could be 
useful in generating multiple views of a certain object. It 
requires that the object be ‘‘defined’’ at the beginning 
of the session, but then allows the user to view the ob- 
ject from any location, with any rotation, scale, or 
translation. 


Commands to the graphics package consist of a set of 
alphanumeric commands followed by the necessary 
numeric constants. To enter commands to the graphics 
package, one enters an alphanumeric command en- 
closed within the single quotes followed by the ap- 
propriate numeric arguments. The maximum number of 
arguments required by any command is six. If less than 
‘six arguments are entered on a line, the line must be ter- 
minated by the ‘/’ character, however. These re- 
quirements (having the command enclosed within single 
quotes, explicitly terminating the line) are a result of us- 
ing the list-directed input format of FORTRAN. 
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The commands recognized by the graphics processor 
are: 


comment arg]. This command instructs the 
graphics processor to ignore the next arg/ lines. 
This can be used to insert comments within the 
graphics commands. 


define arg]. This command instructs the graphics 
processor that the next N lines (up to the enddef 
command) are to be entered into an internal buf- 
fer for future reference as figure arg]. The 
graphics commands are not interpreted, i.e. they 
do not cause figures to be drawn as they are 
entered. In this way, three-dimensional objects 


may be defined, or to put it another way, placed 


into an internal display list. Up to ten objects may 
be defined using the current version of the pro- 
gram. This may be increased to the limits of 


- available memory. Currently there is internal 


storage space for up to 500 total graphics com- 
mands. These may be spread in any combination 
among the ten figures. This number may also be 
modified to reflect memory restrictions. 


enddef. This command terminates a figure defini- 
tion, and returns control back to the main 
graphics processor. 


call arg]. This command causes the graphics pro- 
cessor to fetch graphics commands from the inter- 
nal buffer of the previously defined figure number 
argl. 


line arg] arg2 arg3 arg4 arg5 arg6. This command 
causes a line to be drawn in three-dimensional 
space from the point arg/, arg2, arg3 to the point 
arg4, arg5, arg6. The current object rotation, ob- 
ject scale, object translation, viewer location, win- 
dow, and viewport are used. 


plot arg/ arg2 arg3 arg4. This command causes a 
line to be drawn from the endpoint of the last line 
plotted to the point argl, arg2, arg3 using the 
‘*pencode’’ arg4. The current pencodes supported 
are ‘2’ (indicating that a solid line is to be drawn), 
and ‘3’ (indicating that no line is to be drawn; this 
is used only to change the location of the plot 
head). Additional pencodes could be implemented 
allowing for dashed lines, dotted lines, etc. 


ident. This command causes the ‘‘current’’ matrix 
to be set to the identify matrix. This causes all 
rotates to be set to zero, all translates to be set to 
the origin, and all scales to be set to one. 


push. This command causes the current matrix to 
be pushed onto a 10 location matrix stack. The 
current matrix is not altered. | 
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pop. This command causes the matrix stack to be 
popped into the current matrix. 


rotate arg! arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 
figure to be rotated around the X, Y, and Z axis 
by arg1, arg2 and arg3. The angles are in degrees. 
The definition of an object is not altered. 


translate arg/ arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 
figure to be translated in the X, Y, and Z direc- 
tions by arg/, arg2 and arg3. Again, the definition 
of an object is not altered. 


scale arg] arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 
figure to be scaled in the X, Y and Z directions by 
arg], arg2, and arg3. 


window arg/ arg2. This command sets up the win- 
dow parameters. These parameters determine the 
visible side to side portion of the projected images. 
This amounts to placing an infinitely tall pyramid 
within three-dimensional space with the viewing 
location located at its apex (looking down). All 
objects within this pyramid will be visible; all ob- 
jects outside this pyramid will not be visible. - 


viewport arg/ arg2 arg3 arg4. This command sets 
up the viewport parameters. These parameters 
determine the size and location of the above win- 
dow on the plotter surface. The center of the area 
on the plotter surface is given by arg/, arg2 with 
the X and Y half sizes given by arg3, arg4. The 
plotter is assumed to have an X dimension be- 
tween 0 and 12, and a Y dimension between 0 and 
10. The translation to the dimensions the plotter 
recognizes is done in a lower level plotter interface 
routine. By performing this task in a lower level of 
software, the package is made more general. 


viewpoint arg! arg2 arg3 arg4 args arg6. This 
command sets up the “‘viewing’’ transformation. 
argl, arg2, arg3 represent the location of the 
viewer in three-dimensional space, while arg4, 
arg5, arg6 represent the ‘‘lookat’’ location in 
three-dimensional space. Together they form a 
vector pointing to the area to be viewed whose 
length determines the perspective variables (only 
single point perspective is currently implemented). 
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zclip arg] arg2. This command sets up the 
‘*Z-clipping’’ parameters. These determine the 
visible distance in front of the viewer. Arg] 
specifies the near boundary of the viewing area 
while arg2 specifies the far boundary of the area. 
Together with the window command, it defines a 
solid delimiting the visible objects from the not- 
visible objects. 


cube argl arg2 arg3 arg4 arg5 arg6. This com- 
mand draws a cube centered at arg], arg2, arg3 
with half-widths of arg4, arg5 and arg6. 


arrow. This command draws an arrow from 
(0,0,0) to (1,0,0). 


pyramid arg] arg2 arg3 arg4 arg5 arg6. This com- 
mand draws a four-sided pyramid whose base is 
centered at arg], arg2, arg3 and whose half-widths 
are arg4, arg5, arg6. The X half-width arg4 is used. 
as the height of the pyramid. 


current. This command prints the current matrix 
on the terminal. 


printdef. This command prints the definition of 
the given figure. 


startt. This command starts the 10 ms timer on the 
iSBC 86/12 board. 


readt. This command stops the 10 ms timer on the 
iSBC 86/12 board and prints the 10 ms count on 
the terminal. 


end. This command stops execution of the 
graphics package, prints the total numbers of 
points plotted and ‘‘success!!!’’ on the terminal, 
and returns control back to ISIS. 


Internal Operation of the Package 


All internal operations are performed using 1 by 4 or 4 
by 4 double precision real matrices. Points are defined 
in 1 by 4 double precision vectors where the first three 
coordinates are used to hold the X, Y and Z location of 
the point. The fourth location is always set to one, and 
is used when the point is projected onto a two- 
dimensional plane. In most cases, the routine perform- 
ing the task outlined is named the same thing as the 
name of the task outlined (within the six-character limit 
imposed by FORTRAN). The order the routines are 
described is roughly the order a line would encounter 
them on its way from existing as a three-dimensional en- 
tity inside the machine to a line drawn on the bed of a 
plotter. All routine names are set in boldface. 
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THE CURRENT TRANSFORMATION 


If each object were to be modified whenever a translate, 
rotate, or scale were to be performed, performance of 
the package could be quite slow. In addition, the 
original definition of the figure would be lost (although 
not irreversibly). If there were a method of performing 
these three operations at a single time, allowing the 
original definition of an object to remain unaltered, 
both the performance and ease of use of the graphics 
package would be enhanced. 


One way in which these operations can be combined is 
by using what is called the ‘‘current’’ matrix. The cur- 
rent matrix is a 4 by 4 double precision real matrix. It 
numerically represents any combination of rotates, 
translates and scales in any order. The matrix is 
multiplied by each 1 by 4 point definition vector on its 
way to being plotted. The result of this multiplication is 
a point that has been rotated, scaled, and translated the 
proper amount. If this matrix is the identity matrix, the 
point will pass through unaltered. Thus, the identity 
matrix represents no scaling, translating, and rotating. 
This multiplication is performed in the routine pline 
lines 20 and 21. 


When a rotate, scale, or translate command is inter- 
preted, the current matrix is multiplied by another 4 by 
4 matrix representing only this transformation. Since 
matrix multiplication is not commutative, the order 
these operations are performed in is preserved. This is 
important, because, for example, a rotate before a 
translate is not the same as a rotate after a translate 
because all rotations are performed pivoting around the 
origin (see Figure 16). Initially, the current matrix is set 
to the identity matrix. The first operation is performed 
relative to state of the current matrix immediately 
preceding the operation. 


Parameters are set up into the current matrix through 
the rotate, scale, translate, ident, push, and pop opera- 
tions. Each name describes the function of the opera- 
tion performed. The routines performing these tasks (in 
order) are: rotate, scale, transl, ident, push, and pop. 
Ident is included to allow all rotates and translates to be 
set to zero and all scales to be set to one. The push and 
pop operations are included in order that figures may 
save the state of the current matrix, while subsequently 
performing operations altering it. This is important 
when a large figure is defined as a set of parts, each of 
which may merely be rotations, etc., of a simpler list of 
parts. 
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Figure 16. Example Cube Viewed from (0,0,10) First Rotated then Translated then Translated then Rotated. 


THE VIEWING TRANSFORMATION 


Before an object can be plotted, the viewpoint of the 
viewer must be known. This information provides the 
location of the viewer in three-dimensional space, and 
the direction the viewer is pointing. It is incorporated in- 
to the 4 by 4 ‘‘view’’ matrix. ‘It is another rotation per- 
formed on the object in order that it is viewed from the 
proper viewing angle. All points are passed through the 
view matrix after they are passed through the current 
matrix. What comes out of these two transformations is 
a set of points located in the proper relative positions in 
three-dimensional space when the figure is rotated, 
translated, and scaled by the operations performed on 
the current matrix, and is also rotated properly by the 
operations set in the view matrix. 


The view matrix is set up by the viewpoint command. 
This command will place in the view matrix the proper 
rotations in order that the image of the object will be 
correct. The routine performing this task is the viewpn 
routine. 


Z-CLIPPING 


All points passed through the current and view matrices 
are located" at their proper locations in_three- 
dimensional space. However, only a portion of this 
space is visible to the viewer. Specifically, objects 
behind the viewer will not be visible. Every point of an 
object has been mapped to the viewer’s space, however, 
including those behind the viewer. These ‘‘invisible’’ 
points are removed by an operation called 
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‘*Z-clipping.’’ Simply, it examines the Z parameter of 
every point being considered and determines if it is in 
front of the viewer. In addition, one may not wish to 
display lines a great distance from the viewer. These 
lines may be removed by a similar process. The only 
complication of clipping is the action performed if only. 
part of the line is visible. In this instance, the point 
where the line leaves the visible area must be calculated. 
The method used to calculate this point in this im- 
plementation is the method of ‘‘like triangles.’’ 


The Z-clipping parameters are set through the com- 
mand zclip in the routine zclip. The arguments to this 
command are used to determine the visible distance in 
front of the viewer. The first argument sets the 
minimum distance in front of the viewer before any line 
will: be visible. Legal values for this parameter are 
anything greater than zero. The second argument sets 
the far distance beyond which no lines will be visible. 
Any value larger than the first argument may be used 
for this parameter. The clipping itself is performed in 
the routine zclipp. 
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PROJECTION 


Projection maps the three-dimensional points previous- 
ly encountered and projects them onto a_ two- 


_ dimensional plane. Only single-point perspective is cur- 


rently supported in the package. Here, the projection is 
performed by using the Z parameter to modify the X 
and Y parameters. As the points get more distant, their 
deviation from the center of the picture should get 


- smaller, if the X and Y parameters remain constant. 


Most people are aware of this effect. For example, if 
you look down a set of railroad tracks, the rails seem to 
converge, even though the distance between the rails is 
constant (see Figure 17). Two or three-point perspective 
would be easy to implement; all one must do is generate 
the projected X and Y parameters by using the non- 
projected X and Y parameters in addition to using the Z 
parameter. 


This projection is performed in the graphics package by 
multiplying the 1 by 4 point location vector by a 4 by 4 
‘*projection’’ matrix. This matrix is simply the identity 
matrix except the perspective value is placed in location 
(3,4) of the matrix. 


Figure 17. Two Rails, Vanishing into the Distance 


This value is calculated from the viewpoint parameters. 
After the matrix multiply, the only element modified in 
the 1 by 4 point definition vector is the last one (the one 
which is supposed to have the value of one). After the 
multiplication, this location will contain the number 
representing the modification which must be performed 
on the X and Y parameters of the vector to exhibit the 
projection. When this vector is ‘‘normalized,’’ the point 
will have been projected using the rules of single-point 
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perspective. This normalization is performed by 
dividing every element in the vector by the last element 


of the vector. Thus, the Z element of the original vector ~ 


has modified the X and Y elements. If two or three- 
point perspective is desired, one must only place 
perspective values in locations (1,4) and (2,4) of the pro- 
jection matrix; all subsequent processing will be iden- 
tical. The routines performing these operations are: 
viewpn (sets up vanishing point for perspective), project 
(sets up the projection matrix, and performs the 
perspective multiplication), and norm (normalizes the 
vector). 


X-Y CLIPPING 


Once the data is projected onto a two-dimensional 


plane, X-Y clipping must be performed. This operation - 


could also be performed on the three-dimensional data, 
but by deferring it until after the data have been pro- 
jected, the calculations required are simpler. This is not 
true for Z-clipping, since once the data are projected 
onto a plane, the Z parameter is no longer in its original 
form. 


X-Y clipping is performed by comparing X and Y 
parameters with the window values set up by the win- 
dow command. This comparison is a bit more com- 
plicated than the comparison required by Z clipping, 
however, as two clipping parameters are involved. 
There are nine possible regions in which each endpoint 
of a line may reside. For example, some of these regions 
are: within the X and Y window regions, less than the X 
window region but within the Y region, less than the X 
region and less than the Y region, etc. If one or both of 
the endpoints of the line are within the visible region, 
then at least part of the line will be visible. Also, even if 
neither of the endpoints of the line is in the visible 
region, part of the line may still be visible. One must 
therefore determine whether any part of this line would 
be visible. A simple way of performing the task is to 
assign a bit of a word for each of less than and greater 
than the X and Y window limits. This requires four bits. 
The value of the X and Y parameters are then each com- 
pared with the window limits. If the value exceeds the 
limit of the window, the corresponding bit of this point 
descriptor is set. After this ‘‘code’’ has been determined 
for both of the points, the codes for two endpoints are 
bit-wise ANDed together (an extension to FORTRAN 
77 available in FORTRAN 86 allows this operation). If 
the result of this ANDing is zero, then part of the line 
would be visible. If, however, it is not zero, then the en- 
tire line lies outside the visible area. If only part of the 
line is visible, then the point where it leaves the visible 
area must be calculated. The point where the line leaves 
the viewing area is calculated using the same ‘“‘like 
triangle’’ method used when Z-clipping is performed. 
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The routines performing these operations are wtovp 
(calls the xyclip routine with the proper parameters), 
xyclip (performs the actual clipping), code (returns the 
binary code for the point position in relation to the win- 
dow), and ppush (calculates the point at which line 
leaves the visible area). 


WINDOW TO VIEWPORT TRANSFORMATION 


Finally, after the points have been processed through all 
of the above, comes their day of glory. Because the lines 
have been clipped, they are constrained to be within the 
given window. Remember, however, that the values for 
this window are in ‘‘real world’’ units. These sizes could 
be measured in inches or miles. These are not generally 
suitable for plotting on a graphics output device. In 
order for the ‘‘window’’ to be displayed on the graphics 
output device, one more transformation must be per- 


formed: the window to viewport transformation. A _ 


viewport represents a physical location and size on the 
graphics output device. The viewport command sets up 
the appropriate parameters for this transformation. It 
requires four arguments, which allow the viewport to be 
moved around the graphics display surface, and allow 
the size of the viewport to be set. Notice that the 
viewport and the window are not constrained to the 
same aspect ratios, that is, the ratios between the ver- 
tical sizes and the horizontal sizes of the window and 
viewport need not be the same. If these ratios are not the 
same, the figures will be distorted. Performing this 
transformation is simply a matter of scaling the win- 
dowed values to fill the viewport. The code performing 
this transformation is contained within the wtovp 
routine. 


PLOTTER INTERFACE 


This graphics package was written to interface to a 


_ Hewlett-Packard 7225A flat bed plotter. Communica- 


tions were performed through an RS232 serial link at 
600 baud. Physically, this is done using the 8251 serial 
controller on the iSBC® 86/12 board inside the Intellec® 
Series III. The plotter has a smart interface. The com- 
mands it accepts are in ASCII, and are on the level of 
‘*‘lower the pen,’’ and ‘‘draw a line from the current pen 
position to another pen position.’’ The routines per- 
forming these operations are plot (determines the 
characters needing to be sent to the plotter), ponum 
(converts a floating point number to an ASCII represen- 
tation of the integer value of the truncated floating 
point number), putout (handles the interface to the 8251 
serial controller chip) and plots (initializes the baud rate 
generator and 8251 serial controller chip on the iSBC® 
86/12 board). 


PERFORMANCE MEASUREMENTS 


The above routines were compiled using the Intel FOR- 
TRAN 86 compiler and exeucted on an Intellec® Series 
III development system. The 8086 hardware consists of 


an Intel iSBC® 86/12 board with the 8087 in the 


iSBC® 337 card. The iAPX 86/20 (the 8086 with the 
8087) operate with a clock frequency of 5 MHz. The on 
board memory (64K DRAM) inserts between one and 
three wait states per memory fetch. In addition, owing 
to the size of the memory arrays, the program size, and 
the memory reguirements of the Series III, off board 
memory was required to run the program. 


The times shown in the table do not show the plotting 
time; only the time to generate the output that would be 


sent to the plotter is given. This is because the physical © 


speed limitation of the plotter used would not allow the 
iAPX 86/20 system to produce the plotting commands 
at its maximum computational speed. The plotter re- 
quired approximately half an hour to 45 minutes to ac- 
tually draw the second demonstration picture. 


For each line plotted, five 1 by 4 times 4 by 4 matrix 
multiplies must be performed along with a non-trivial 
amount: of other floating point operations, such as 


divides and compares. For example, when clipping is . 


performed, the line endpoint values must be compared 
to the clipping parameters. If only part of the line is visi- 
ble, then the point the line leaves the visible area must be 
calculated. This requires twelve additional floating 
point operations. Another example is in the window to 
viewport transformation. For each line drawn, four 
floating point multiplies, four floating point divides, 
and four floating point adds must be performed. 


In addition, whenever the rotation, scale, translation or 
viewpoint is changed, 4 by 4 matrix multiplies must be 
performed. In addition, various trigonometric routines, 
such as sines and cosines, must be performed to set up 
the rotation parameters into the matrix. 


The performance measurements are given in Table 1. 


Table 1. Performance Measurements 


ae 


number of points in picture 
number of points actually plotted 
execution time of the 86/20(sec) 


execution time of the 86 with 87 
emulator(sec) 


exection time of PDP11/45(sec)2 


24 PDP11/45 mini-computer with 256K MOS RAM, and a 
FP11-B floating point unit running ‘the UNIX operating 
system during a period of light load. The program was com- 
piled using the UNIX F77 FORTRAN compiler. 
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The results show that the HD eal of the iAPX 
86/ 20i is close to the performance of the mini-computer. 
The figures drawn are shown in Figure 17 for Picture 1 
and Figure 18 for Picture 2. The graphics commands re- 
quired to generate Picture 1 are given in Appendix B. 
Picture 2 shows three views of a single shuttle. (Hint: 


you are looking out the window of one of the shuttles!) 
The shuttle is defined only once in the input data. 
i Another point to notice is that each shuttle is a con- 


_ glomeration of parts. For example, the shuttle wing is 
_ defined only once in input data. The a ia shuttle 


Figure 18. Demonstration Picture 1 


contains two views of this same wing, translated and 
rotated to attach to the appropriate location on the 
fuselage of the shuttle itself. The engine nozzles take 
this same approach a bit further. The complete nozzle is 
defined only once, and is attached in three places on 
each shuttle. In addition, each nozzle is made up of 
replications of the same circle scaled and translated 
through space. Each circle is, in turn, composed of four 
views of one quarter-circle, each rotated a proper 
amount to form one complete circle. 
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Figure 19. Demonstration Picture 2 4 ie oe Ae 
CONCLUSIONS i Computer Aided Design (CAD) or Computer aided Be 4 


" "4 | Manufacturing (CAM) systems. In addition, the — i 
_ The routines demonstrated in this note show that the availability of a full ANSI 77 standard FORTRAN com- — ee 
types of operations required to manipulate and display a piler (FORTRAN 86) for the iAPX 86/20 enhances the gee te 


three-dimensional figure on a two-dimensional surface _ production or transportation of existing software to the eine ts . 
are far from trivial, involving very many floating point .machine. This combination of high performance hard- ce ie 
operations. With the introduction of the iAPX 86/20, ware with high performance software allows the pes 

the floating point performance required by this type of 86/20 to fill applications never before filled by yy 
application is finally within the performance limits of microprocessor. , 
microcomputers selling for a fraction of the cost of the , aot Nh ee 
previously required mini- or maxi-computers. Examples : Maram epic! ce T 


of systems in which this performance is required are 
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#his is the main routine of the graphics program. beaten hin: ry eae ee 
it sets up default parameters for the rest of the routines, then oats 
enters an infinite loop, alternatively fetching lines from the Anpuds ass 
(using routine getl) and sending them to J processed by the graphics Dairy Git: 
processor (proc) oe : 

common Jo taine iamek ey Sta ys ee Tees Bae paiea hers 
common /viewp/vxh,vyh,vxc,vyc | 2 - 

real*8 wxh,wyh,vxh,vyh,vxc,vyc i 
common /matrix/currm, view,curp eR ties Dah ag 
real*8 currm(4,4),view(4,4), curp(4)_ . Bs ANB 
common /elip/nither, yon, dee 7} . voit a ee 
real*8 hither,yon,dee — ah Wee afer ened 
common /stacks/stackp, sspace . Soe 
real*8 sspace(10,4,4) | tj ; Shred ote-s 
integer stackp + eee 
common /defns/dargl,darg2,darg3,darg4,darg5, darg6, aata?; entry, tail 
character*10 dargi (500) . 
real*8 darg2(500),darg3(500), eee ae ease ta darg6(500), da 
integer entry(10),ends(10) Bh 
integer tailp : S ee 
common /cstack/cnum, cnump [ | stash 
integer cnum(10),cnump ‘ rigs 
common /penpos/xpos, ypos, ,pcount ; | tes hse a 
real*8 xpos,ypos Walsh 9 
integer*4 pcount be Re nee | 


2372) 


initialize the plotting package © cae 
call plots enka 
initialize the stack pointer _ . ae v bres ete 
stackp = 1 . pa ce 


a 


set up a few defaults 


wxh = 10. — hte pei ae 7 i 
vxh = 5. 
vyh = 5. 
vxc = 5. 
vyc = 5. 
hither #3. 
yon = 100. 
dee = 10. ; 
tailp = 1 i : 
cnump = 1 nS ees 
xpos = -l. 
ypos = -l. 

A -peount = 0 . x . 
print. * ,' GRAPHICS program entered!!! . \ 


initialize the current matrix 
call ident(currm) 

and process all the input lines 

call proc _ Re Ss pees , 


goto 109 ) 
end 


aanaanaaaaaaa. 


- 


oY iSAe 


100 


800 
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-getl(line) 


fetches the next line from the input file, and grabs the first 7 


things from it, the first being an alpha command contained within 

(') and the rest being numbers. If less than 6 number are input 

the input line must be terminated by a (/) in order for the 

read statement to be correctly interpreted. The arguments are then 

. placed in the common block "args". When the ‘end’ command is 
encountered, "success" is printed on the terminal, and the 
graphics program terminates. 


subroutine getl 

common /args/argl,arg2,arg3,arg4,arg5,arg6,arg7 
character*1l0 argl 

real*8 arg2,arg3,arg4,arg5,arg6,arg7 


read (5, *)argl, arg2, arg3,arg4, arg5, arg6, arg7 
if(argl -eq. ‘end') then 
call plot(0.,0.,999) 
print *,'success!!1' 
stop 
endif. 
return 
end 


proc 


proc() does all the processing for a line. It gets its arguments 
from the common block args, and does it's thing 


subroutine proc 


common /matrix/currm,view,curp 
real*8 currm(4,4),view(4,4),curp(4) 
common /args/argl,arg2,arg3,arg4,arg5,arg6,arg7 | 
character*1l0 argl 

real*8 arg2,arg3,arg4,arg5,arg6,arg7 
common /clip/hither,yon,dee 

real*8 hither,yon,dee 

common /cstack/cnum, cnump 

integer cnum(10),cnump 

integer i 

integer*4 rtimer,countt 


determine the command entered (HUGE if-then-else if-,etc) and 
P call the appropriate routine with the correct arguments 


if(argl .eq. ‘comment') then 
i=l 
read(5,800) 
i oe ee aes | 
4¢(1 «slé.-int larg?) ): goto 2006 
format(al) 
else if(argl .eq. ‘define') then 
i = int(arg2) 
call defn(i) 
call printd(i) 
else if(argl .eq. ‘'call') then 
cnum(cnump) = int(arg2) 
cnump = cnump + 1 
if(cnump .gt. 10) then 
print *,'call nesting’ level too deep, sorry' 
cnump = 19 
endif 
call callit(cnum(cnump - 1),cnump - 1) 
cnump = SnVaP ok 
else Setar dl tet 'line') then . t om 


y 


' é } 
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129 


130 
132 
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100 


110 


else if(argl -eq. ‘plot') then © | . 


else if(argl .eq. ‘rotate') then 


else if(argl .eq. ‘startt') then 


ident() sets the given 4 X 4 matrix to the identity matrix. 


call pline(arg2, arg3, arg4, arg5, arg6, arg7, ay 


i = int(arg5) Seabee  f 
call pplot(arg2, arg3, arg4,i) ; mee mee 
else if(argl .eq. ‘ident') then ’ 
call ident(currm) | Pee 
else if(argl .eq. ‘push') then 
' call push(currm) 
else if(argl .eq. 'pop') then i. : v5 
call pop(currm) ana . ; tity So eb eee 


call rotate(arg2,arg3,arg4,currm) 


else if(argl .eq. ‘'translate') then | (eat 
call transl (arg2, arg3,arg4,currm) POON Su ee ane ee 
else if(argl .eq. ‘scale') then fe We 
call pscale(arg2, arg3, arg4,currm) : teas 


else if(argl .eq. ‘window') then , Sidhe Hi 
call window(arg2,arg3) ' wt Sve 
else if(argl .eq. 'viewport') then ie ay es eacgenes 
call viewpr(arg2,arg3,arg4,arg5) are; 
else if(argl .eq. ‘'viewpoint') then 
call viewpn(arg2, arg3,arg4,arg5, mE arg7) 


else if(argl .eq. 'zclip') then | : ake Ve 
call zclip(arg2, arg3) aan ast - 
else if(argl .eq. 'cube') then abt 


call cube(arg2, arg3, arg4,arg5, arg6, arg7) ; ila 
else if(argl .eq. ‘arrow') then ! ney 
call arrow ae 
else if(argl .eq. 'pyramid') then 5 Se eet a 
call pyrmd(arg2, arg3, arg4,arg5,arg6,arg7) ga Se 
else if(argl .eq. ‘current') then a : 
call printm(currm) 
else if(argl .eq. ‘printdef') then 
--f = int(arg2) 
call printd(i) 


call stimer 

else if(argl .eq. ‘readt') then 
countt = rtimer() 5 
print *,'the time (in seconds) from the last startt is:',cow 


else 
print *,'error, command ',argl,'unknown' ; 
endif | 
return 
end we 
ident (matrx) . , af 


subroutine ident(matrx) 
real*8 matrx(4,4) 
integer i,j ; 


do 100 i=1,4 ‘ / . 

do 100 j=1,4 

- matrx(i,j) = 0. 

continue oe" ; 
do 110 i=1,4 

nates, i} = 1: ' 
continue : 
return 
end 


ahs; 


subroutine defn (number ) defines’ ‘figure junbers’ the defined: figure 


4 pues’ _ is contained in a large common block "defns" which contains _ 
et enough space for a total of 500 commands. comments are not 
13: 7D ges ae stored along with the define commands_ to save space. the variables 
=: SP ne Sones entry and ends contain the SESE SANG, and ending Amtexes. of the 
peagt: o> oe 10 pose pee er ined figures : 
a ee subroutine defn (number) = se Mee = 
Ree integer number ; ' ; 


common /defns/dargl, darg2, aarg3, darg4, darg5, nici darg7, entry, tailp,ends 
_character*10 darg1(500) 

-real*8 darg2(500) ,darg3(500), darg4(500), ,darg5(500), darg6(500), darg7(500) 
_ integer entry(10), ends(10) ry, ; a: 

integer tHilp. - fe ets : | ees 

common /args/argl, arg2, args, arg4, /args, arg6,arg7 © 

_ character*10 argl 

752, (Pease arg2, arg3, era arg5, arg6, arg? ees. 
ci kegen or Rete ty Pee ye ee ee 


~ 


— entry (number) = harks 


: Di hilks naa of define is at’ ytailp a 
aCe +f MS ae mes E aC 
call getl aes ; CO SSE pas oe 


check for terminate of define SAAN Paes. REESAGES B24... 


if(argl .eq. ‘enddef') then ee DE eases SEL 
ce, ea 3 ends (number ) = tailp : 2 
iS print *; ‘end of figure define is at’ aor aba 
Mentone: oN, a ee a ' 


else if(argl .ne. '‘comment') then : | «Bieta te | 
. 2*-} > slargi(tailp) = argl i eke rs 


darg2(tailp) = arg2 SR Rag Reet ee ee oO 
 darg3(tailp) = arg3 fee eo ok ae ee ; be ; 
af darg4(tailp) = arg4 | = SEQ SABES bgeos ' 
ape darg5(tailp) = arg5 ee esehes at ist jee ; 
» darg6(tailp) = arg6é ; ks 3 
Jee darg7(tailp) = arg7 ese rare Ca ee 
oees ' tailp = tailp + 1 Bie feta he POT 7 
2? Sotace df{tailp dgt. 500)-then : yale, oS ary ; 
eat: a print *, ‘define RENO y overrun! 1! ; 
eee ei 15 tailp = 500 2 Pes. 4 
Se ad Se endif an : 
= else 
150 -read(5,800) at J 


Seed eT 
aif(i .le. int (arg2) ) goto 150 
format (al) 


184 
185 
186 
187 
188 
189 
190 

19) 


192 
193 
194 
i365 
196 
197 
198 


222 


a. Q-Q 


100 


A, OQ 


‘Post hale 6f11.4) © * 


integer i(10) 


subroutine printd(number ) peinea» the defined iss mabe commands — 


subroutine pitavatiumber) = Bia bs od i ; ere; 
integer number sa : Chit es i 
common /defns/dargl,darg2, darg3, darg4, darg5, dargé6, Mame jentry, tailp,er 
character*10 dargl(500) | 
real*8 darg2(500),darg3(500), darg4(500), darg5 (500), darg6 (500) ,darg7 (50¢ 
integer entry(10),ends(10) j ee 
integer tailp ? ey 5 ark 1g Sega ee 
integer i | Tey. 


i = entry(number) © 3 Litas 
if(i .eq. ends(number)) return fs 
write(6,800)dargl(i),darg2(i), Aargali), saredlen) darg5(i), darg6(i 


{= i ,*r1 
goto 100 . es 
end iw ey 


subroutine callit(number,nest) causes the defined figure numbe 
be input to the graphics processor, nesting level must | 
to allow pseudo-recursive type calls... 


subroutine callit(number, nest) 
integer number ,nest 

common /defns/dargi, darg2, darg3, darg4, darg5,darg6,darg7, entry, ta. 
character*10 dargl(500) 

real*8 darg2(500) ,darg3(500), aaegtii ae): darg5(500), darg6 (500) ,dar 
integer entry(10),ends(10) eg 
integer tailp = eZ ‘ ae 
common /args/argl,arg2,arg3,arg4, mnetiis arg6, bas a se 
character*10 argl 

real*8 arg2,arg3,arg4,arg5,arg6,arg7 


\ 


i(nest) = entry(number) 
if(i(mest) .eq. ends(number) ) return 


argl = dargl(i(nest)) 

arg2 = darg2(i(nest)) “+ Leg ‘ 
arg3 = darg3(i(nest) ) : i= 
arg4 = darg4(i(nest)). 
arg5 = darg5(i(nest) ) 

arg6 = darg6(i(nest) ) : 

arg7 = darg7(i(nest) ) 

call ‘proc " 

i(nest) = i(nest) + 1 

goto 100 

end 

printm(matrx) ~ 


printm prints out the given 4x4 double precision matrix 


subroutine printm(matrx) 
real*8 matrx(4,4) ; 
integer i wes : 


do 100 i=1,4 ‘ eas 
write(6,800)matrx(i,1),matrx(i,2),matrx(i,3),matrx(i,4) hoes 
paninaes . : , 
format (4f15.4) . 7 
return ' 


- = * J . + * 


end ’ as io ne Se Mae RT gee fy 


iz 


Age current pendaw, viewpoint, viewport, etc. 
mare cre Binks. ¥,2,a8,b, c,s) 
real*8 X,Y,Z, B, bse. J) axe 
integer s : 2 

common /matrix/currm, view,curp 
-real*8 currm(4,4), view(4,4), ,curp(4) 
~ logical zclipp, junk 

_ realts tmpf(4),tmpt (4) age 


~ tmp£(1) =x 
‘ tmpf(2) = y ‘ 
os ee 
ee "4 
me. 
=-b ’ 
an e , 
=a 
‘=b a \ 
= Cc 
= le. 


ir ‘ ' ! 


perform translations, and viewing translation 


/ 


tito call mmultl(tmpf, currm, tmpf) 
call mmultl1(tmpt,currm, tmpt) 
call mmultl(tmpf,view, tmpf) 
“eall mmultl(tmpt,view, tmpt) 


form zelipping on both RSA 5. 


2 yr rerrreued cept. eq. teten, ) goto 200 
\ 


chs) i al eas Ac tmp f ) 


call Pe eee 
call projct(tmpt) 


ce Metre 
rae call wtovp(tmpf, tmpt, s) 
return 


end 


as ; ‘oetiat draws a Vine pane: as y,2) to (a,b,c) with pencode Ss, using 


— 


ver do x/y clipping, the wivaen to viewport transform, and plot the vector 


31 
32 
33 
34 
35 


36 
ae 
38 


aa @.a00°a 


aa 0:.0a.a @ 


* 


anannanaa 


return ‘ , 


end tak, ; 
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plot a hes from the current position to, -4x, y,z) osind eae: te 
Basically, sets up a call to pline from the current position — 
to the new position raat the appropriate pencode. 


subroutine pplot(x,y, at) : | rise 
real*8 x,y,z bz = 
integer 8 i aa Le ah 
common /matrix/currm, view,curp | hh LY Se, 
real*s currm(4, 4), view(4,4),curp(4) ae Sy) pitteinte es 


call pline(curp(1), curp(2),curp(3 % x; Yee, ee Ga | sh 51M erent 
return } ' 52 Aree 


push(matrix) | f be 1 f 


push() pushes the given matrix onte the matrix stack, checks 
for stack overflow, and won't let youl!!! Does Lines alter ae. | 
current matrix. = NAPS 


subroutine push(matrix) 

real*8 matrix,sspace(4,4,10) | <a 
integer stackp . Bes 
dimension matrix(4,4) ihe: 1 EA eS 
common /stacks/stackp,sspace 


if(stackp .gt. 10) then . . = Sewats eS Toran 
_print *,'stack overflow' F a Te a 
:  Feturn . ire Root . om EBS 
end if et BS 
call copym(sspace(1,1,stackp), matrix) ; 
stackp=stackp+l a3 in 


end : ad, etal 


pop(matrix) 


pop() pops the top of stack into the given matrix. Checks for 
stack underflow, and again won't let you do it!!!! | 
{ 
subroutine pop(matrix) 
real*R matrix,sspace(4,4,19) 
integer stackp 
dimension matrix(4,4) 
common /stacks/stackp,sspace 


stackp=stackp-1 , 
if(stackp .lt. 1) then . 
print *, 'stack MOBEwELOW: 


stackp = 1 ‘ 
return 
end if 
call copym(matrix, id siete ie stackp) ) | 
return shat 
end ‘y 
x 
7 ed ’ , : 5 =f 
+ : > 4 cd y & € ri 
“ =e bse 8 Sc ee 
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PF A i. 1 os 4 3 “oie > bs a 2 : 
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rotate(x,y,z,matrix) 


rotate() pre-concatenates the given (x,y,z) rotation, to the 
supplied matrix(usually the current matrix). x,y,z are given 
in degrees. 


subroutine rotate(x,y,z,matrix) 
real*8 x,y,z,matrix 

dimension matrix(4,4) 

real*8 tmp 

dimension tmp(4,4) 


call ident(tmp) 


tmp(2,2) = cos(x * 0.01745329) 
tmp(3,3) = tmp(2,2) 

tmp(2,3) = sin(x * 0.01745329) 
tmp(3,2) = - tmp(2,3) 


call mmult4(tmp,matrix,matrix) 


call ident(tmp) 


tmp(1,1) = cos(y * 0.01745329) 
tmp(3,3) = tmp(1,1) 

tmp(3,1) = sin(y * 0.01745329) 
tmp(1,3) = - tmp(3,1) 


call mmult4(tmp,matrix,matrix) 


call ident(tmp) 


tmp(1,1) = cos(z * 0.01745329) , 
tmp(2,2) = tmp(1,1) 

tmp(1,2) = sin(z * 0.01745329) 

tmp(2,1) = - tmp(1,2) 


call mmult4(tmp,matrix,matrix) 


return 
end 


translate(x,y,z,matrix) 


translate() pre-concatenates the given tranlation (x,y,z) to the 
given matrix(usually the current matrix). 


subroutine transl(x,y,z,matrix) 
real*8 x,y,z,matrix 
dimension matrix(4,4) 


real*8 tmp 
dimension tmp(4,4) 


call ident(tmp) 


tmp(4,1) = x 
tmp(4,2) = y 
tmp(4,3) = z 


call ‘mmult4(tmp,matrix,matrix) 


return 
end 
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pscale(x,y,z,matrix) : oe 


pscale pre-concatenates the given scaling (x,y,z) onto the 
given matrix. . 


subroutine pscale(x, YZ, matrix) 
real*8 x,y,zZ,matrix 
dimension matrix(4,4) 


real*g tmp 
dimension tmp(4,4) 


call ident (tmp) 


tmp(1,1) = 
tmp(2,2) = 
tmp(3,3) = 


x 
y t 
Z 


call mmult4(tmp,matrix,matrix) ; f 


return 
end : 


window(a,b) viewport(a,b,c,d) 


these two routines set up the global variables 
given parameters. — 


subroutine window(a, b) - 
real*8 a,b 

real*8 wxh,wyh 

common /windoe/wxh,wyh 


wxh =a | : 

wyh = b 

return . 

end | 
af t 

subroutine viewpr(a,b,c,d) 

real*8 a,b,c,d 


real*8 vxh,vyh,vxc,vyc 
common /viewp/vxh,vyh,vxc,vyc 


according to the 


vxc =a 

vyc = b 

vxh =c P 
vyh =d 

call mplot(vxc - vxh,vyc - vyh,3) 
call mplot(vxc + vxh,vyc - vyh,2) 
call mplot(vxc + vxh,vyc + vyh, 2) 
call mplot(vxc - vxh,vyc + vyh,2) 
call mplot(vxc - vxh,vyc - vyh,2) 
return. ~ 

end 
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- [a ae up the aici transformation for the given . 
to and from points---the eye PASESAGH, is (a,b, ey. the lookat ‘ 
_ position is {d, ef}. ; 


sehen toe: viewpn(a,b,c,d,e, f) hae. are PO eT, ; 
. real*8 a,b,c,d,e,f > ; 


-real*8 angle 
- real*8 tmp(4,4), tmpp(4) ath a 
‘common /matrix/currm, view,curp pace 
- real*8 currm(4,4),view(4, 4), curp(4):- ee, | 
common /clip/hither, yon,dee | ; 
_ real*8 hither,yon,dee — . 


Fe " 4 


AA Pe 


initialize the viewing transformation 


eh 
vee 


v 


_ eall ident (view) 7 se EF oe J 


4 


rye un _ 
rhe tue oe 
‘ =] t ol ed 
ana. 
‘ 4 bes “<i, ee 
.. 


ee 


move lookat position to origin 


ns transl (-d,-e,-£,view) : ; iy 


i rotate view matrix per the lookat angle 


. 


at a =: g 
 b=b-e 
Moe me Sa £ | 

angle = - atan2(a,c) 
call ident(tmp) ; : 

 tmp(1,1) = cos(angle) ‘ fe ae oe 
tmp(3,3) = tmp(1,1) | Sack 
tmp(3,1) = sin(angle) | : 

-tmp(1,3) = - tmp(3,1) 


call mmult4(view, tmp, view) 


angle = atan2(b,sqrt(a*a + c*c)) 
call ident(tmp) 7 : ’ 


tmp(2,2) = cos(angle) aan 
tmp(3,3) = tmp(2,2) 

tmp(2,3) = sin(angle) 

tmp(3,2) = - tmp(2,3) : 


call mmult4(view, tmp, view) 


act 
b 
c= 
tmpp (1) 
tmpp (2) 
tmpp (3) 
tmpp (4) 


i] 
lomo) 
+++ 

iu t mo eo 
rFaoM 


- call mmultl(tmpp,view,tmpp) 


dee = tmpp(3) Fe Ss - 
return 
end 
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’ _ peta 
At Ri = ae ve 
zclip(a,b) a 
zclip() sets up the global clipping parameters, a is the hither, wae e 
b the yon, does not allow the hither plane to be behind the © easy 
viewer, nor does it allow the yon to be between the viewer aes Bre 
and the hither. : Ss ase 
subroutine zclip(a,b) eens. 7 en che 
real*8 a,b | aK: | 3p Aas 
real*8 hither,yon,dee Op ea ee 
common /clip/hither,yon,dee — A Ses. ais 
er es 
if(a .1t..0) then 7 ; ee 
print *,'bad hither parameter’ A cae (ike 
a=0 Bes re Sh ts 
end if , | . ou, Sc RAE as 
D ey ale 
if(b .1t. a) then Bie cas 
print *,'bad yon parameter’ . ) gs Sak Le 
b= a + 100 LG aity Aen eco 
end if AM Gere Wt Fe i ee, oP eee 
hither =a g" SP than eee 
return ‘ | vie Se 
a ae | ig) hats. es 
zclipping(vectl,vect2) ag cond nis 


zclipping() performs the zclipping on vectl using the global Ps 
zclipping parameters. Modifies ONLY vectl, returns true if | Pte + 
a portion of the vector indicated by (clipped) vectl and vect2 Bm aitie ss 
will be visible in the scene. Wena 


logical function Sat icmivasel wath) 
real*8 vectl(4),vect2(4) 

common /clip/hither,yon,dee 

real*8 hither,yon,dee 


real*8 htr,yn ae cer 


htr = dee - hither 
yn = dee - yon 


zclipp = .true. 


if(vectl1(3) .gt. htr) then 
if(vect2(3) .gt. htr) then 
zclipp = .false. 
else. f 
' } 
you must modify the x and y parameters (according to like triangles) _ 
when the z parameter is modified!!! a 
\ 
vectl(1) = (vect1(1) - centOtRiNetihec - vect2(3))/_ 
(vectl(3) - vect2(3))) + vect2(1) 
vect1(2) = (vectl(2) vect2(2))*((htr - vect2(3))/_ 
(vect1(3) vect2(3))) + vect2(2) 
vectl(3) = htr ~ 
zclipp = .true. 
end if 
else if(vectl(3) .1t. yn) then | 
| if(vect2(3) .1t. yn) then 
zclipp = .false. meee ag * 


else 
Fi \ 


“vecti(1) = Evert tte. 
eee | aes — (vect2(3) - ete ey Poet taps 
oh «2a eee vect1 (2) = (vect2(2) - vect1(2)) yn: pecti (3)i/ . 

cgege cet) Gh Maas = (vect2(3) - vect1(3)})_ + vec t1(2) 


See es i = : vect1(3) = yn a eae Seen ate. ee | 
Tine ee et, RCL pee = .true. : Bae ta Se a 
Ri Sree ar: _ ; end tS 4 pe oat : re tice : rs 
<3o,_ OS © a fee aera 7 See a bee 


Beaty aera the given. vector to a point in 2-D space using = 
the: attics "dee" parameter, for single point perepectives See “Ae 


Pe ehiacte diss: project (vector) meted : < ee MR hea: th es | ; 

_ real*8 vector(4) center, Psp ceire: Bes ae = 
common /clip/hither,yon,dee . watt, aed E 
aes -real*8 hither,yon,dee Ed ee sme ROD he aoa eke 
Slams tmp(4,4) | erp Ne Soe 


call ident (tmp) Pg ted . | er pa sccas Wy 


if (dee «ne. 0) then ¢ “ aes Rp 5 S83, 
EP tmp(3,4) = - 1 / dee | 


emp(3,4) = - 1000000000. 


: aay mhGTOR EERO E: tmp, vector) KA\ 85s Tea 

“{ieaki norm( vector) ace y es Gxt 2 ica 

- return tee : 
end Nery" eeere re 


 norm(vector) 


norm() normalizes the given vector. 


‘ 
‘ 


subroutine norm(vector) 
-real*8 vector(4) 


vector(1) / vector(4) _ eves ie 

vector(2) / vector(4) : 7 
vector(3) / vector(4) ep ree ) 
pe EA ; tone 


see vector(1) 
cers vector(2) 
pe Rs Sd vector (3) 
vest vector (4) 
return i “ : <n 
end : : ‘ . ‘ , 


F args 
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6G an Raia a 
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wtovp(from,to, /pencode) 


wtovp() takes the projected hea and to points; and: 


xyclip() performs tie x/y clipping on both the from and t_ i re ie 
vectors in the window cooridinates. Returnes false he Pike 
none of the vector would be visible. 


1: does x/y clipping on the window | ys aeteee 

2: does the window to. viewport translation Deak Sp is 

3: plots the transformed ponte: onto:the device: 6 sss 07. ~ 
subroutine wtovp(£rom, to, pencde) ieee es 23 Sabet mee 
real*8 from(4),to(4) — “pebie aa PE SG 
integer pencde as ‘ cg EOL a cles eee 
common. /windoe/wxh,wyh ‘es Gee 
real*8 wxh,wyh on SE Gees 
common /viewp/vxh,vyh,vxc, vyc 7 eh ese an 40 Sas 
real*8 vxh,vyh,vxc,vyc | ’ Vir hs a 
logical xyclip ip) Bee fs bps eae 
real*8 xp,yp es | ‘as got PAE Ps 
if(xyclip(from,to)) then _ at tetas 2 eas pe 

xp = (from(1)) * vxh / wxh + vxc © =F Ab Fe ee 

call mplot(xp,yp,3) pia CS Rae eee 

xp = oh * vxh / wxh + vxc . eee gy 

yp = (to(2)) * vyh / wyh + vyc ond ¥ renee 

call mplot(xp,yp,pencde) ; a Saar ore 
endif — . o . . is. ; rs 
return Parse i erect BOS ; boo SESSA Ia 
end ‘ ; id oe He sor" hile ns 
xyclip(from,to) | <j" 3 ie rs “ Rae 
z: 


. 
my 


‘ - S ' . 

- © .€» = oa J 

Shilo rer ate eee 
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logical function xyclip(from,to) 
real*8 from(4),to(4) ; 


integer*2 cf,ct “> ea 
} fr 
xyclip = .false. ?’ Siete 
call code(from,cf) rose ; +t ge 
call code(to,ct) Ris fetes 
1 ( (cf eand. et)- ene. 0) goto +105 ' , ‘ ' : ” ex . 


if(cf .ne. 0) call ppush(cf,from,to) 

if(ct .ne. 0) call ppush(ct,to, from) 
if((cf + ct) .ne. 0) goto 100 whe 
xyclip = .true. } | 
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return 
end 
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code( vector, flag) ; aan 


it's position relative to the window. 


‘an 
ne 


c 
¢ 
Voges Ay Sd * . | 
¢e¢ code() returns the binary code in flag for vector indicating 
eo 
c 


subroutine code(vector, flag) 
-real*8 vector(4) 

; integer flag 

Se common /windoe/wxh,wyh 


te 


4 tp 


ip aa 


EE ME PEP ET A oT 


3 real*8 wxh,wyh . ‘ 
real*8 tmp ‘ 
ee 
ke sue flag = 0 | ; 

ea: aS: tmp = vector(1) | 


-if(tmp .1lt. - wxh) flag = 1 

if(tmp .gt. wxh) flag = flag + 2 
tmp = vector(2) 

if(tmp .lt. -wyh) flag = flag + 4 


eri so: return ‘ 
Pinte be. Srl 
c 
c ppush(flag,to, from) 
“ Bp Sale ; c 4 
© «| ppush() pushes "to" towards "from" according to flag, which : 
ea BAG - contains the code returned by code(). used to insure that the 
c line exits the window:at the correct point 
Le ~ 
subroutine ppush(flag,to, from) 
real*8 to(4),from(4) 
a integer flag 
19 common /windoe/wxh,wyh 
See pug0* <<’) real*8 wahiwyn | 
21 if((flag .and. 1) .ne. 0) then : 
‘ ok . \ 
to(2) = ((-wxh - from(1)) 
® /(to(1) - from(1)))*(to(2) - from(2)) + from(2) 
to(1) = -wxh 
endif . 
if((flag .and. 2) .ne. 0) then ; 
to(2) = ((wxh - from(1)) “ 
* /(to(1l) - from(1)))*(to(2) - from(2)) + from(2) 
to(1) = wxh ; 
endif ’ 
if((flag .and. 4) .ne. 0) then 
‘4 
to(1) = ((-wyh - from(2)) | 
1 a ) /(to(2) - from(2)))*(to(1) - from(1)) + from(1) 
' to(2) = -wyh J 
endif 
if((flag .and. 8) .ne. 0) then 
to(1) = ((wyh - from(2)) 
. /(to(2) - from(2)))*(to(1) - from(1)) + from(1) 
. to(2) = wyh 
endif 
return 
end 
‘ 
‘ % i A , ¥ ° = j ss ny =a, 4 4 
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copym(dst,src) 4 i 
copym() copies the src 4X4 matrix to the dst 4X4 matrix. _ ‘ Be ; 


subroutine copym(dst,src) | ” None a cg tea 
real*8 dst(16),src(16) . ro, 


integer i ~ . ; si BURRS Moree ee 
: : Se a A les 
do 100 i = 1,16 : E K7ie>, ie ae 
dst(i) = srce(i) Bie eee 
continue © : ae fee 
return / Coe Peete er 
end of: me ites, 


, 

+ *. 

im, 
bite 


mplot(argl,arg2,arg3) 


mplot() calls plot with argl,arg2,arg3. inserted as another Janak= 
of indirection in order to allow the actual aes commands to 
written to a file, etc. 


to” hit 


te Os brn 7) 


Aviig : 


“ey 


subroutine mplot(argl,arg2,arg3) thaws tS MRS Ber rats 
real*8 argl,arg2 . whe 


integer arg3 é pie, pe 
call Bipetargl. arg2,arg3) . | ats cm 
return STAM ea pa 
end | . 1 Sethe eR eae 
: (yes pee 
? Ree Bee af 
cube(argl,arg2,arg3,arg4,arg5,arg6) ‘ 3 Rae i: fos Rees “tir 


cube() generates a cube centered at (argl, arg2,arg3) with | 3 ioe 
arg4,arg5,arg6 as it's half. widths | Fa rae 9 


subroutine cube(argl, arg2, arg3,arg4,arg5,arg6) ; on ong eis 
real*8 argl,arg2,arg3,arg4,arg5,arg6 2) 


call pline(argl-arg4,arg2-arg5,arg3-arg6, argl+arg4, arg2-arg5, arg?-arg6,2) ice 
call pplot(argl+arg4,arg2+arg5,arg3-arg6, 2) 

call pplot(argl-arg4,arg2+arg5,arg3-arg6, 2) . \ 
call pplot(argl-arg4,arg2-arg5,arg3-arg6, 2) | > Ke: 
call pplot(argl-arg4,arg2-arg5,arg3+arg6, 2) tra ot 
call pplot(argl+arg4,arg2-arg5,arg3+arg6, 2) . . 
call pplot(argl+arg4,arg2+arg5,arg3+arg6, 2) ) | io ee 
call pplot(argl-arg4,arg2+arg5,arg3+arg6, 2) ' if mee 
call pplot(argl-arg4,arg2-arg5,arg3+arg6, 2) Ae 
call pline(argl+arg4,arg2-arg5,arg3-arg6,argl+arg4,arg2-arg5, arg3+arg6, 2). 
call pline(argltarg4,arg2+arg5,arg3-arg6,arglt+arg4,arg2+arg5,arg3+arg6, Ph at 
call pline(argl-arg4, arg2targ5, ai argl-arg4,arg2+targ5, sgt 2) 

return 
end . 
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ae 7 =o rae ae as = ee ie x Se aes Sh Ee = 
‘ ‘ ~ 
ERS te Bibs 2a Pig Ue = % 
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arrow() eh cae 


arrow() draws a sort-of arrow from (0,0,0) to (1,0,0) 
subroutine arrow() 


¢eall pline(6;,0) -0.,1040%20s12) 
BALL -plinets<,0. ,0., 8 22,0. ,2) 
call piiseh?.,0, 0s «<BrO<5 32,2) 
OAll plinet) é,0.,0- ¢sBype2.0.,2) : 
call PLL AS 250s. Oey v8. OeyRi2; 2) ’ wa . 
return © Ay 
end. \ ; sa | 


pyrmd(argl,arg2,arg3,arg4,arg5,arg6) 


pyrmd() draws a pyramid with the center of it's base at 
(argl,arg2, arg3) and half x,y,z widths of arg4, more arg6. 
The height is the x half width. 

Be Sins ag pyrmd(argl,arg2,arg3,arg4, “bass arg6) 

-real*8 argl,arg2,arg3,arg4,arg5,arg6 


real*s height 


paul” 


call pline(argl-arg4,arg2-arg5,arg3-arg6,argltarg4, anga-asges arg3-arg6, 2}< 
call pplot(argl+arg4,arg2+arg5,arg3-arg6, 2) 
call pplot(argl-arg4,arg2+arg5,arg3-arg6,2) 
call pplot(argl-arg4,arg2-arg5,arg3-arg6, 2) 


fae sre 7 
Dy PEO 18 OPT" 
YP 


height = arg4 - argl 

call pline(argl-arg4,arg2-arg5,arg3-arg6, argl, ara2, arg3+height, 2) 

call pline(argl+arg4,arg2-arg5,arg3-arg6, argl, arg2,arg3+height, 2) 

call pline(argl-arg4,arg2+arg5,arg3-arg6,argl,arg2,arg3+height, 2) 

call pline(argltarg4, arg2targs, arg3- arg6,argl,arg2, arg3+height, 2) 

return 

end 
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subroutine mmult4(mpl,mp2,mpr) Pi eg Pee, Beers ety tae 
subroutine mmult4 multiplies: the mpl 4x4 matrix eae 
and multiplies it by the mp2 4x4 matrix. the result ‘sa | 
placed in the mpr 4x4 matrix. internal results are placed — 
in a temporary matrix, then copied over in order that one of 
the operands may be used as the destination Matrix oe : 
subroutine mmult4(mpl,mp2, ort . PS ae 
real*8 mp1(4,4) rmp2(4, 4),mpr(4, *) } : 


real*8 acc . a ° Ft Stes 
real*8 temp(4, 4) Fi * rE tet 
integer i,j,k cae ea 
do 100 i=1,4 | ar ee 
do 100 j=1,4 . oe Pe oer 
acc = 0. AS meee 
do 110 k=1,4 es thatels? 2 ors eae 
acc = acc + mpl(i,k)*mp2(k, }) eG ey ab ee 
continue ) wee” SN ee rengletey 
temp(i,j) = acc Pt ODE OS ten ie 
continue AS Yes be 
do 120 i=1,4 | rc 4 Sieh ean ea 
do 120 j=1,4— | e . items tne se 
! mpr(i,j) = temp(i,3) . ST eae 57,55 
continue ; ks cy aap a 
return Fer 
end ‘¢ on 
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subroutine mult (mp1, mp2,mpr ) 


subroutine mmultl multiplies the mpl 4 position vector 
by the mp2 4x4 matrix. the result is put in the mpr 4 PS rip 
position vector. results are calculated into a temporary — 
vector, then copied over so that the mpl vector may Re used 
as the destination of the result 


oP 


, 


subroutine mmultl(mpl,mp2,mpr ) gic eth 
real*8 mpl1(4),mp2(4,4) ,mpr(4) sy 

real*8 acc 

real*8 temp(4) 
integer i,j,k 


. > . 
+ he Mey se gene eg! geemigh PR. 4 
é b. + - : 4 


yrs 


do 100 j=1,4 
. acc = 0. 
do 110 k=1,4 : ; 
acc = acc + mpl(k)*mp2(k,j) 
continue 2 
temp(j) = acc : 

continue - Fie 
do 120 i=1,4 mn" 
mpr(i) = temp(i) 
continue , | a 
return 


end 


F peas i . > 

-— subroutine plot(x, y> »penc) a 
irae subroutine plot plots a line from the current pen casi bich to 
a xn the given pen position a ae the pencode given. The possible 
pen codes are: : : 

S05 2: pen down hey 

WE. oh 3: pen up oe hs é 

q: 999: terminate plotting : fy 


the ‘dekinnd interface described here if for the sorta? port on the 
; _ iSBC 86/12a board connected to an HP7225A_ flat bed eee no 
ad ore "handshaking is Mone. 


subroutine, plot(x,y, scaly 
So | Sea Ae xy: 
_. integer penc 
common /penpos/xpos,ypos, pcount | 
 real*g xpos,yposS  _~ . pian! 
:  integer*4 peount fet! / 


_ peount = pcount + t oeaes . ; 


if(penc ced. 999) then | : rs 4 
2 : call putout('P') eke | 
Las ..+ ea putogt(*: ) ) 
3 : Cail putout ("7") 
eae 2 print *,'the number of points ploked is:',pcount 
ae -  ygoto 200 : 
aR enait 
_ | ££ (Capos eq. PERS (ypos.eq. y)) then 
tees -eq. 2) then 
call putout('P') 
call putout('D') 
| . eall putout(';") 
call putout('P') 
call putout('U') 
call putout(';') 
else ; 
. goto 200 
ee endif ; 


4 ] ; 


. 


if(penc .eq. 3) then | ie 
call putout('P') ! 
call putout('U') 
else if(penc .eq. 2) then 
call putout('P') 
call putout('D') 
else 
call putout('P') PER 
call putout('U') ) , 
call putout(';') 
goto 200 
endif 


200 


anaaaaada 


100 


-ypos = y . 3 pet 


integer work 


flag = .false. 
if(mumber .1t. 0) number = 0. _ : 


if(work .eq. 0) then 


putout ('P') aS Sein ay 


gall putout('A') — 3 Seis Roemabe hati 5 

if(x .gt. 12) x = 12 oe, bad see oie On ae 

call ponum(x) , rihhateen* ate Beets 
-eall putout(',') . Oe = Sane 


call ponum(y) : Rs SOR ory Cec 

call putout(';') | : sect gsr Pg te 
endif ; . ie Pa ea 
xpos = x 


return se ME) AS 
end | 2 : ORS A 


subroutine ponum(number) 


subroutine ponum takes the given double preciudian real m 
truncates it to integer, then runs the resultant integer or 
the iSBC 86/12a serial port. leading zeros are ‘ouper een: 
the maximum number is 99999!!! | F 


subroutine ponum(number ) 
real*8 number 

character lookup(9) 
logical flag 

integer multip(5) 


data lopkwof*1* 9 *21) 43" Oe AS AS I Ve a 
data multip/10000,1000,100,10,1/ 


number = number * 800. 
do 100 i=1,5 
work = aink neuer - real(multip(i))) 


_if(flag) call putout('0O' ) 
else. 
call putout(lookup(work)) . 
flag = .true. 
endif 
number = number - work * multip(i)> 
continue 
if(.not. flag) call putout('0') 
return 
end 


- real*8 


ulicoutine plots hittatdeeds the iSBC86/12 poard baud ‘epee. : 
generator(really part of the 8253 timer) and serial line. e 
the given numbers will set it up for 600 baud, 8 bits, no 

‘parity v 
subroutine plots 

common /penpos/ xpos, ypos 
xpos, ypos 


10000. : : 

= 10000. 

output ( #0d6h, int1(#0b6h) ) 

output (#0d4h, int1(#80h) ) 

output ( #0d4h, int1(0) ) ae | : 


output (#0dah, intl (#72h) ) 
wastet 
output ( #0dah, int1(#25h) ) 
wastet _ 

output (#0dah, int1(#62h) ) 
wastet 

output (#0dah, inti (#0cen)) 
-wastet 
output (#0dah, int1(#27h) ) 
return 


end — 
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subroutine putout (c) 


subroutine putout puts the character given out on the iSBC 86/12 
board serial line (checks for transmitter opr f loops on not empty, 
on empty puts out the character) 


qissanwine putout(c) 
character c 
integer*l status 


call input(#0Odah,status) 
status status .and. 4 
if(status .eq. 0) goto 100 ; | t 


call output (#0d8h, intl(ichar(c) )) | 
return ) 
end se False ’ = 


subroutine wastet 


subroutine wastet wastes a little bit of time while the 8253 gets 
its act together 


subroutine wastet - 
return 
end 
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1. INTRODUCTION 


As state of the art technology has increased the number 
of transistors possible on a single integrated circuit, 
these devices have attained new, higher levels of both 
performance and functionality. Riding this crest are the 
Intel 80186 and 80286 microprocessors. While the 
80286 has added memory protection and management 
to the basic 8086 architecture, the 80186 has integrated 
six separate functional blocks into a single device. 


The purpose of this note is to explain, through example, 
the use of the 80186 with various peripheral and mem- 
ory devices. Because the 80186 integrates a DMA unit, 
timer unit, interrupt controller unit, bus controller unit 
and chip select and ready generation unit with the CPU 
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on a single chip (see Figure 1), system construction is 
simplified since many of the peripheral interfaces are in- 
tegrated onto the device. 


The 80186 family actually consists of two processors: the 
80186 and 80188. The only difference between the two 
processors is that the 80186 maintains a 16-bit external 
data bus while the 80188 has an 8-bit external data bus. 
Internally, they both implement the same processor with 
the same integrated peripheral components. Thus, ex- 
cept where noted, all 80186 information in this note also 
applies to the 80188. The implications of having an 8-bit 
external data bus on the 80188 are explicitly noted in ap- 
pendix I. Any parametric values included in this note are 
taken from the iAPX 186 Advance Information data 
sheet, and pertain to 8Mhz devices. 
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2. OVERVIEW OF THE 80186 


2.1 The CPU 


The 80186 CPU shares a common base architecture 
with the 8086, 8088 and 80286. It is completely object 
code compatible with the 8086/88. This architecture 
features four 16-bit general purpose registers (AX,BX, 
CX,DX) which may be used as operands in most arith- 
metic operations in either 8 or 16 bit units. It also fea- 
tures four 16-bit “pointer” registers (SI,DI,BP,SP) 
which may be used both in arithmetic operations and in 
accessing memory based variables. Four 16-bit segment 
registers (CS,DS,SS,ES) are provided allowing simple 
memory partitioning to aid construction of modular pro- 
grams. Finally, it has a 16-bit instruction pointer and a 
16-bit status register. 


Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is left 
shifted 4 bits and then is added to an offset value which 
is derived from combinations of the pointer registers, the 
instruction pointer, and immediate values (see Figure 
2). Any carry out of this addition is ignored. The result 
of this addition is a 20-bit physical address which is pre- 
sented to the system memory. 


The 80186 has a 16-bit ALU which performs 8 or 16-bit 
arithmetic and logical operations. It provides for data 
movement among registers, memory and I/O space. In 
addition, the CPU allows for high speed data transfer 
from one area of memory to another using string move 
instructions, and to or from an I/O port and memory us- 
ing block I/O instructions. Finally, the CPU provides a 


wealth of conditional branch and other control 
instructions. 


In the 80186, as in the 8086, instruction fetching and in- 
struction execution are performed by separate units: the 
bus interface unit and the execution unit, respectively. 
The 80186 also has a 6-byte prefetch queue as does the 
8086. The 80188 has a 4-byte prefetch queue as does the 
8088. As a program is executing, opcodes are fetched 
from memory by the bus interface unit and placed in this 
queue. Whenever the execution unit requires another in- 
struction, it takes it out of the queue. Effective processor 
throughput is increased by adding this queue, since the 
bus interface unit may continue to fetch instructions 
while the execution unit executes a long instruction. 
Then, when the CPU completes this instruction, it does 
not have to wait for another instruction to be fetched 
from memory. 


2.2 80186 CPU Enhancements 


Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 provides many new instructions which simplify 
assembly language programming, enhance the perfor- 
mance of high level language implementations, and re- 
duce object code sizes for the 80186. These new 
instructions are also included in the 80286. A complete 
description of the architecture and instruction execution 
of the 80186 can be found in volume I of the 
iAPX86/186 users manual. The algorithms for the new 
instructions are also given in appendix H of this note. 
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Figure 2. Physical Address Generation in the 80186 
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2.3. DMA Unit 


The 80186 includes a DMA unit which provides two 
high speed DMA channels. This DMA unit will perform 
transfers to or from any combination of I/O space and 
memory space in either byte or word units. Every DMA 
cycle requires two to four bus cycles, one or two to fetch 
the data to an internal register, and one or two to deposit 
the data. This allows word data to be located on odd 
boundaries, or byte data to be moved from odd locations 
to even locations. This is normally difficult, since odd 
data bytes are transferred on the upper 8 data bits of the 
16-bit data bus, while even data bytes are transferred on 
the lower 8 data bits of the data bus. 


Each DMA channel maintains independent 20-bit 
source and destination pointers which are used to access 
the source and destination of the data transferred. Each 
of these pointers may independently address either I/O 
or memory space. After each DMA cycle, the pointers 
may be independently incremented, decremented, or 
maintained constant. Each DMA channel also main- 
tains a transfer count which may be used to terminate a 
series of DMA transfers after a pre-programmed num- 
ber of transfers. 


2.4 Timers 


The 80186 includes a timer unit which contains 3 inde- 
pendent 16-bit timer/counters. Two of these timers can 
be used to count external events, to provide waveforms 
derived from either the CPU clock or an external clock 
of any duty cycle, or to interrupt the CPU after a speci- 
fied number of timer “events.” The third timer counts 
only CPU clocks and can be used to interrupt the CPU 


after a programmable number of CPU clocks, to give a: 


count pulse to either or both of the other two timers after 
a programmable number of CPU clocks, or to give a 
DMA request pulse to the integrated DMA unit after a 
programmable number of CPU clocks. 


2.5 Interrupt Controller 


The 80186 includes an interrupt controller. This control- 
ler arbitrates interrupt requests between all internal and 
external sources. It can be directly cascaded as the mas- 
ter to two external 8259A interrupt controllers. In addi- 
tion, it can be configured as a slave controller to an 
external interrupt controller to allow complete compati- 
bility with an 80130, 80150, and the iIRMX® 86 operat- 
ing system. 


2.6 Clock Generator 


The 80186 includes a clock generator and crystal oscilla- 
tor. The crystal oscillator can be used with a parallel res- 
onant, fundamental mode crystal at 2X the desired CPU 
clock speed (i.e., 16 MHz for an 8 MHz 80186), or with 
an external oscillator also at 2X the CPU clock. The out- 
put of the oscillator is internally divided by two to pro- 
vide the 50% duty cycle CPU clock from which all 


~ 


80186 system timing derives. The CPU clock is external- 
ly available, and all timing parameters are referenced to 
this externally available signal. The clock generator also 
provides ready synchronization for the processor. 


2.7 Chip Select and Ready Generation Unit 


The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 


The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 8086 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions is 
user programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at OOOOOH and FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 


Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programmable 
base address. This base address can be located in either 
memory or I/O space in order that peripheral devices 
may be I/O or memory mapped. 


Each of the programmed chip select areas has associated 
with it a set of programmable ready bits. These ready 
bits control an integrated wait state generator. This al- 
lows a programmable number of wait states (0 to 3) to 
be automatically inserted whenever an access is made to 
the area of memory associated with the chip select area. 
In addition, each set of ready bits includes a bit which 
determines whether the external ready signals (ARDY 
and SRDY) will be used, or whether they will be ignored 
(i.e., the bus cycle will terminate even though a ready 
has not been returned on the external pins). There are 5 
total sets of ready bits which allow independent ready 
generation for each of upper memory, lower memory, 
mid-range memory, peripheral devices 0-3 and peripher- 
al devices 4-6. 


2.8 Integrated Peripheral Accessing 


The integrated peripheral and chip select circuitry is 
controlled by sets of 16-bit registers accessed using stan- 
dard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. For more information concerning the interfacing 
and accessing of the integrated 80186 peripherals not in- 
cluded in this note, please consult the 80186 data sheet, 
or volume II of the iAPX86/186 users manual. 
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3. USING THE 80186 : 


3.1 Bus Interfacing to the 80186 


3.1.1 OVERVIEW 


The 80186 bus structure is very similar to the 8086 bus 
structure. It includes a multiplexed address/data bus, 
along with various control and status lines (see Table 1). 
Each bus cycle requires a minimum of 4 CPU clock cy- 
cles along with any number of wait states required to ac- 
commodate the speed access limitations of external 
memory or peripheral devices. The bus cycles initiated 


by the 80186 CPU are identical to the bus cycles initiat- 


ed by the 80186 integrated DMA unit. 


In the following discussion, all timing values given are 
for an 8 MHz 80186. Future speed selections of the part 
may have different values for the various parameters. 


Each clock cycle of the 80186 bus cycle is called a “T” 
state, and are numbered sequentially T,, T,, T;, T,, and 
T,. Additional idle T states (T;) can occur between T, 
and T, when the processor requires no bus activity (in- 
struction fetches, memory writes, I/O reads, etc.). The 
ready signals control the number or wait states (T,,) in- 
serted in each bus cycle. This number can vary from 0 to 
positive infinity. 


STATUS 


CLOCKOUT 


LP. Te gare 
| «ow | ich | 
| PHASE) | PHASE) | 
| | 


Figure 3. T-state in the 80186 


The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided into 
two phases, phase | (or the low phase) and phase 2 (or 
the high phase) which occur during the low and high lev- 
els of the CPU clock respectively (see Figure 3). — 


Different types of bus activity occur for all of the T- 
states (see Figure 4). Address generation information. 
occurs during T,, data generation during T,, T;, T,, and 
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Figure 4. Example Bus Cycle of the 80186 


Table 1. 80186 Bus Signals 


address /data 

address /status 
co-processor control 
local bus arbitration 
local bus control 
multi-master bus 
ready (wait) interface 
status information 


ADO-AD15 
A16/S3-A19-S6,BHE/S7 
TEST 


HOLD,HLDA | 
ALE,RD,WR,DT/R,DEN 
LOCK 

SRDY,ARDY 

S0-S2 
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T,. The beginning of a bus cycle is signaled by the status 
lines of the processor going from a passive state (all 
high) to an active state in the middle of the T-state im- 
mediately before T, (either a T, or a T;). Because infor- 
mation concerning an impending bus cycle occurs 
during the T-state immediately before the first T-state of 
the cycle itself, two different types of T, and T; can be 
generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is imme- 
diatly followed by an idle T state. 


During the first type of T, or T;, status information con- 
cerning the impending bus cycle is generated for the bus 
cycle immediately to follow. This information will be 
available no later than tcysy (55ns) after the low-to- 
high transition of the 80186 clock in the middle of the T 
state. During the second type of T, or T; the status out- 
puts remain inactive (high), since no bus cycle is to be 
started. This means that the decision per the nature of a 
T, or T; state (i.e., whether it is immediately followed by 
a T; or a T,) is decided at the beginning of the T-state 
immediately preceding the T, or T; (see Figure 5). This 
has consequences for the bus latency time (see section 
_ 3.3.2 on bus latency). 


3.1.2 PHYSICAL ADDRESS GENERATION 


Physical addresses are generated by the 80186 during T, 
of a bus cycle. Since the address and data lines are mul- 
tiplexed on the same set of pins, addresses must be 


T, or 
Tw 


latched during T, if they are required to remain stable 
for the duration of the bus cycle. To facilitate latching of 
the physical address, the 80186 generates an active high 
ALE (Address Latch Enable) signal which can be di- 
rectly connected to a transparent latch’s strobe input. 


Figure 6 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid - 
no greater then tc; ay (44ns) after the beginning of T,, 
and remain valid at least tc; 4x (10ns) after the end of 
T,. The ALE signal is driven high in the middle of the T 
state (either T, or T;) immediately preceding T, and is 
driven low in the middle of T,, no sooner than taya; (30 
ns) after addresses become valid. This parameter 
(tayaz) is required to satisfy the address latch set-up 
times of address valid until strobe inactive. Addresses 
remain stable on the address /data bus at least t,; 4x (30 
ns) after ALE goes inactive to satisfy address latch hold 
times of strobe inactive to address invalid. 


Because ALE goes high long before addresses become 
valid, the delay through the address latches will be chief- 
ly the propagation delay through the latch rather than ° 
the delay from the latch strobe, which is typically longer 
than the propagation delay. For the Intel 8282 latch, this 
parameter is tryoy, the input valid to output valid delay 
when strobe is held active (high). Note that the 80186 
drives ALE high one full clock phase earlier than the 
8086 or the 8288 bus controller, and keeps it high 
throughout the 8086 or 8288 ALE high time (i.e., the 
80186 ALE pulse is wider). 
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Figure 5. Active-inactive Status Transitions in the 80186 
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_ Figure 6. Address Generation Timing of the 80186 
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Many memory or peripheral devices may not require ad- 
dresses to remain stable throughout a data transfer. Ex- 
amples of these are the 80130 and 80150 operating 
system firmware chips, and the 2186 8K x 8 iRAM. Ifa 
system is constructed wholly with these types of devices, 
addresses need not be latched. In addition, two of the pe- 
ripheral chip select outputs of the 80186 may be config- 
ured to provide latched Al and A2 outputs for 
peripheral register selects in a system which does not de- 
multiplex the address /data bus. 


- One more signal is generated by the 80186 to address 


memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to ei- 
ther or both halves (bytes) of the 16-bit data bus (see 
section 3.1.3 on data bus operation section). Because AO 
is used only to enable devices onto the lower half of the 
data bus, memory chip address inputs are usually driven 
by address bits Al-A19, NOT A0-A19. This provides 
512K unique word addresses, or 1M unique BYTE 
addresses. 


Of course, BHE is not present on the 8 bit 80188. All 
data transfers occur on the 8 bits of the data bus. 


3.1.3 80186 DATA BUS OPERATION 


Throughout T,, T;, T,,, and T, of a bus cycle the multi- 
plexed address/data bus becomes a 16-bit data bus. 
Data transfers on this bus may be either in bytes or in 
words. All memory is byte addressable, that is, the upper 
and lower byte of a 16-bit word each have a unique byte 
address by which they may be individually accessed, 
even though they share a common word address (see 
Figure 3-6). 


All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd ad- 
dresses (AO = 1) reside on the upper 8 bits of the data 
bus. Whenever an access is made to only the even byte, 
AO is driven low, BHE is driven high, and the data trans- 
fer occurs on DO-D7 of the data bus. Whenever an ac- 


16-BITS 


WORD ADDRESS 


cess is made to only the odd byte, BHE is driven low, AO 
is driven high, and the data transfer occurs on D8-D15 
of the data bus. Finally, if a word access is performed to 
an even address, both AO and BHE are driven low and 
the data transfer occurs on DO-D15. 


Word accesses are made to the addressed byte and to the 
next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be per- 
formed, the first to access the odd byte at the first word 
address on D8-D15, the second to access the even byte 
at the next sequential word address on DO-D7. For ex- 
ample, in Figure 8, byte 0 and byte 1 can be individually 
accessed (read or written) in two separate bus cycles 
(byte accesses) to byte addresses 0 and 1 at word address 
0. They may also be accessed together in a single bus cy- 
cle (word access) to word address 0. However, if a word 
access is made to address 1, two bus cycles will be re- 
quired, the first to access byte 1 at word address 0 (note 
byte 0 will not be accessed), and the second to access 
byte 2 at word address 2 (note byte 3 will not be ac- 
cessed). This is why all word data should be located at 
even addresses to maximize processor performance. 


When byte reads are made, the data returned on the half 
of the data bus not being accessed is ignored. When byte 
writes are made, the data driven on the half of the data 
bus not being written is indeterminate. 


3.1.4 80188 DATA BUS OPERATION 


Because the 80188 externally has only an 8 bit data bus, 
the above discussion about upper and lower bytes of the 
data bus does not apply to the 80188. No performance 
improvement will occur if word data is placed on even 
boundaries in memory space. All word accesses require 
two bus cycles, the first to access the lower byte of the 
word; the second to access the upper byte of the word. 


Any 80188 access to the integrated peripherals must be 
done 16 bits at a time: thus in this special case, a word 
access will occur in a single bus cycle in the 80188. The 
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Figure 8. Physical Memory Byte/Word Addressing in the 80186 
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external data bus will record only a single byte being 
transferred, however. 


3.1.5 GENERAL DATA BUS OPERATION 


Because of the bus drive capabilities of the 80186 
(200pF, sinking 2mA, sourcing 400uA, roughly twice 
that of the 8086), this bus may not require additional 
buffering in many small systems. If data buffers are not 
used in the system, care should be taken not to allow bus 
contention between the 80186 and the devices directly 
connected to the 80186 data bus. Since the 80186 floats 
the address/data bus before activating any command 
lines, the only requirement on a directly connected de- 
vice is that it floats its output drivers after a read BE- 
FORE the 80186 begins to drive address information for 
the next bus cycle. The parameter of interest here is the 
minimum time from RD inactive until addresses active 
for the next bus cycle (tpyay) which has a minimum val- 
ue of 85ns. If the memory or peripheral device cannot 
disable its output drivers in this time, data buffers will 
be required to prevent both the 80186 and the peripheral 
or memory device from driving these lines concurrently. 
Note, this parameter is unaffected by the addition of 
wait states. Data buffers solve this problem because 
their output float times are typically much faster than 
the 80186 required minimum. 


If buffers are required, the 80186 provides a DEN (Data 
ENable) and DT/R (Data Transmit/Receive) signals 
to simplify buffer interfacing. The DEN and DT/R sig- 
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nals are activated during all bus cycles, whether or not 
the cycle addresses buffered devices. The DEN signal is 
driven low whenever the processor is either ready to re- 
ceive data (during a read) or when the processor is ready 
to send data (during a write) (that is, any time during an 
active bus cycle when address information is not being 
generated on the address/data pins). In most systems, 
the DEN signal should NOT be directly connected to 
the OE input of buffers, since unbuffered devices (or 
other buffers) may be directly connected to the proces- 
sor’s address /data pins. If DEN were directly connected 
to several buffers, contention would occur during read 
cycles, as many devices attempt to drive the processor 
bus. Rather, it should be a factor (along with the chip se- 
lects for buffered devices) in generating the output en- 
able input of a bi-directional buffer. 


The DT/R signal determines the direction of data prop- 
agation through the bi- directional bus buffers. It is high 
whenever data is being driven out from the processor, 
and is low whenever data is being read into the processor. 
Unlike the DEN signal, it may be directly connected to 
bus buffers, since this signal does not usually directly en- 
able the output drivers of the buffer. An example data 
bus subsystem supporting both buffered and unbuffered 
devices is shown in Figure 9. Note that the A side of the 
8286 buffer is connected to the 80186, the B side to the 
external device. The B side of the buffer has greater 
drive capacity than the A side (since it is meant to drive 
much greater loads). The DT/R signal can directly 
drive the T (transmit) signal of the buffer, since it has 
the correct polarity for this configuration. 


BUFFERED 
DATA 
BUS 


UNBUFFERED 
DATA 
BUS 


Figure 9. Example 80186 Buffered/Unbuffered Data Bus 
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ADDRESS 


DATA FROM MEMORY 
OR 1/0 


1. teraz: Clock low until address float=35 ns max 
. tera: Clock low until RD active = 70 ns max 
. tazpa_: Address float until RD active = 0 ns min 
. toye: Data valid until clock low (data input set-up time) = 20 ns min” 
- toipx: Clock low until data invalid (data input hold time from clock) = 10 


ns min* 


6. tor_y: Clock low until RD high = 10 ns min 

7. tayay: RD high until addresses valid = 85 ns min 

8. taux: Read high until data invalid (data input hold from RD) = 0 ns min* 
* Input requirements of 80186, all others are output characteristics 


Figure 10. Read Cycle Timing of the 80186 


3.1.6 CONTROL SIGNALS 


The 80186 directly provides the control signals RD, 
WR, LOCK and TEST. In addition, the 80186 provides 
the status signals S0-S2 and S6 from which all other re- 
quired bus control signals can be generated. 


3.1.6.1 RD and WR 


The RD and WR signals strobe data to or from memory 
or I/O space. The RD signal is driven low off the begin- 
ning of T,, and is driven high off the beginning of T, dur- 
ing all memory and I/O reads (see Figure 10). RD will 
not become active until the 80186 has ceased driving ad- 
dress information on the address /data bus. Data is sam- 
pled into the processor at the beginning of T,. RD will 
not go inactive until the processor’s data hold time 
(10ns) has been satisfied. 


LATCH 
D 


STB 


Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all I/O operations and 
high for all memory operations) and the RD signal (see 
Figure 11). It should be noted that if this approach is 
used, the S2 signal will require latching, since the S2 sig- 
nal (like SO and S1) goes to a passive state well before 
the beginning of T, (where RD goes inactive). If S2 was 
directly used for this purpose, the type of read command 
(I/O or memory) could change just before T, as S2 goes 
to the passive state (high). The status signals may be 
latched using ALE in an identical fashion as is used to 
latch the address signals (often using the spare bits in 
the address latches). 


Often the lack of a seperate I/O and memory RD signal 


MEMORY 
READ 


Figure 11. Generating |/O and Memory Read Signals from the 80186 
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is not important in an 80186 system. Each of the 80186 
chip select signals will respond on only one of memory or 
I/O accesses (the memory chip selects respond only to 
accesses memory space; the peripheral chip selects can 
respond to accesses in either I/O or memory space, at 


programmer option). Thus, the chip select signal en- 


ables the external device only during accesses to the 
proper address in the proper space. 


The WR signal is also driven low off the beginning of T, 
and driven high off the beginning of T,. Like the RD sig- 
nal, the WR signal is active for all memory and I/O 
writes, and also like the RD signal, separate I/O and 
memory writes may be generated using the latched S2 
signal along with the WR signal (see Figure 12). More 


ADO- ADDRESS 
AD15 INFO 


importantly, however, is the active going edge of write. 
At the time WR makes its active (high to low) transi- 
tion, valid write data is NOT present on the data bus. 
This has consequences when using this signal as a write 
enable signal for DRAMs and iRAMs since both of 


_ these devices require that the write data be stable on the 
data bus at the time of the inactive to active transition of | 


the WE signal. In DRAM applications, this problem is 


solved by a DRAM controller (such as the Intel 8207 or 
8203), while with iRAMs this problem may be solved by © 


placing cross-coupled NAND gates between the CPU 
and the iRAMs on the WR line (see Figure 13). This 
will delay the active going edge of the WR signal to the 
iRAMs by a clock phase, allowing valid data to be driv- 
en onto the data bus. 


_ ADDRESS 
INFO 


1. te: py: Clock low until data valid = 44 ns max 

2. tevery: Clock low until WR active = 70 ns max 
3. teverx: Clock low until WR inactive = 55 ns max 
4. toupx: Clock high until data invalid = 10 ns min 


= 55 — 55 + 10 
= 10ns 


Figure 12. Write Cycle Timing of the 80186 


WR 


CLKOUT 


DELAYED 
WRITE 
(DATA VALID 
ON LEADING EDGE) 


Figure 13. Synthesizing Delayed Write from the 80186 
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3.1.6.2 Queue Status Signals 


If the RD line is externally grounded during reset and 
remains grounded during processor operation, the 
80186 will enter “queue status” mode. When in this 
mode, the WR and ALE signals become queue status 


outputs, reflecting the status of the internal prefetch. 


queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 80186. The interpretation of QSO 
(ALE) and QS1 (WR) are given in Table 2. These sig- 


_ nals change on the high-to-low clock transition, one 


clock phase earlier than on the 8086. Note that since ex- 
ecution unit operation is independent of bus interface 
unit operation, queue status lines may change in any T 
State. 


Table 2. 80186 Queue Status 


== 


no operation 


first byte of instruction taken 
from queue 


queue was reinitialized 


subsequent byte of instruction 
taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the sta- 
tus lines SO-S2 using an external 8288 bus controller 
(see below). To prevent the 80186 from accidentally en- 
tering queue status mode during reset, the RD line is in- 
ternally provided with a weak pullup device. RD is the 
ONLY three-state or input pin on the 80186 which is 
supplied with a pullup or pulldown device. 


3.1.6.3 Status Lines 


The 80186 provides 3 status outputs which are used to 
indicate the type of bus cycle currently being executed. 
These signals go from an inactive state (all high) to one 
of seven possible active states during the T state immedi- 
ately preceding T, of a bus cycle (see Figure 5). The pos- 
sible status line encodings and their interpretations are 
given in Table 3. The status lines are driven to their inac- 
tive state in the T state (T, or T,,) immediately preced- 
ing T, of the current bus cycle. 


The status lines may be directly connected to an 8288 
bus controller, which can be used to provide local bus 
control signals or multi-bus control signals (see Figure 
14). Use of the 8288 bus controller does not preclude the 
use of the 80186 generated RD, WR and ALE signals, 
however. The 80186 directly generated signals may be 
used to provide local bus control signals, while an 8288 is 
used to provide multi-bus control signals, for example. 
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Figure 14. 80186/8288 Bus Controller 
Interconnection 


Table 3. 80186 Status Line Interpretation 


interrupt acknowledge 
read I/O 

write I/O 

halt 

instruction fetch 

read memory 

write memory 

passive 
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The 80186 provides two additional status signals: S6 


and S7. S7 is equivalent to BHE (see section 3.1.2) and 
appears on the same pin as BHE. BHE/S7 changes 
state, reflecting the bus cycle about to be run, in the mid- 
dle of the T state (T, or T;) immediately preceding T, of 
the bus cycle. This means that BHE/S7 does not need to 
be latched, i.e., it may be used directly as the BHE sig- 
nal. S6 provides information concerning the unit gener- 
ating the bus cycle. It is time multiplexed with A19, and 
is available during T,, T;, T, and T,,. In the 8086 family, 
all central processors (e.g., the 8086, 8088 and 8087) 
drive this line low, while all I/O processors (e.g., 8089) 
drive this line high during their respective bus cycles. 

Following this scheme, the 80186 drives this line low 
whenever the bus cycle is generated by the 80186 CPU, 

but drives it high when the bus cycle is generated by the 
integrated 80186 DMA unit. This allows external de- 
vices to distinguish between bus cycles fetching data for 
the CPU from those transfering data for the DMA unit. 


Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address derives. S5 indicates 
the state of the interrupt flip-flop. On the 80186, these 


- signals will ALWAYS be low. 


3.1.6.4 TEST and LOCK 


Finally, the 80186 80186 provides a TEST input bigs a LOCK 
output. The TEST input is used in conjunction with the 
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processor WAIT instruction. It is typically driven by a 
processor extension (like the 8087) to indicate whether 
it is busy. Then, by executing the WAIT (or FWAIT) in- 
struction, the central processor may be forced to tempo- 
rarily suspend program execution until the processor 
extension indicates that it is idle by driving the TEST 
line low. : 


The LOCK output is driven low whenever the data cy- 
cles of a LOCKED instruction are executed. A 
LOCKED instruction is generated whenever the LOCK 
prefix occurs immediately before an instruction. The 
LOCK prefix is active for the single instruction immedi- 
ately following the LOCK prefix. This signal is used to 
indicate to a bus arbiter (e.g., the 8289) that a series of 
locked data transfers is occurring. The bus arbiter 
should under no circumstances release the bus while 
locked transfers are occurring. The 80186 will not rec- 
ognize a bus HOLD, nor will it allow DMA cycles to be 
run by the integrated DMA controller during locked 
data transfers. LOCKED transfers are used in multi- 
processor systems to access memory based semaphore 
variables which control access to shared system re- 
sources (see AP-106, “Multiprogramming with the 
iAPX88 and iAPX86 Microsystems,” by George Alexy 
(Sept. 1980)). 


On the 80186, the LOCK signal will go active during T, 
of the first DATA cycle of the locked transfer. It is driv- 
en inactive 3 T-states after the beginning of the last 
DATA cycle of the locked transfer. On the 8086, the 
LOCK signal is activated immediately after the LOCK 
prefix is executed. The LOCK prefix may be executed 
well before the processor is prepared to perform the 
locked data transfer. This has the unfortunate conse- 
quence of activating the LOCK signal before the first 
LOCKED data cycle is performed. Since LOCK is ac- 
tive before the processor requires the bus for the data 
transfer, opcode pre-fetching can be LOCKED. Howev- 
er, since the 80186 does not activate the LOCK signal 
until the processor is ready to actually perform the 
locked transfer, locked pre-fetching will not occur with 
the 80186. 


Note that the LOCK signal does not remain active until _ 


the end of the last data cycle of the locked transfer. This 
may cause problems in some systems if, for example, the 
processor requests memory access from a dual ported 
RAM array and is denied immediate access (because of 
a DRAM refresh cycle, for example). When the proces- 
sor finally is able to gain access to the RAM array, it 
may have already dropped its LOCK signal, thus allow- 
ing the dual port controller to give the other port access 
to the RAM array instead. An example circuit which 
can be used to hold LOCK active until a RDY has been 
received by the 80186 is shown in Figure 15. 


3.1.7 HALT TIMING 
A HALT bus cycle is used to signal the world that the 
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80186 CPU has executed a HLT instruction. It differs 


from a normal bus cycle in two important ways. 


Figure 15. Circuit Holding Lock Active Until 
Ready is Returned 


The first way in which a HALT bus cycle differs from a 
normal bus cycle is that since the processor is entering a 
halted state, none of the control lines (RD or WR) will 
be driven active. Address and data information will not 
be driven by the processor, and no data will be returned. 
The second way a HALT bus cycle differs from a normal 
bus cycle is that the SO-S2 status lines go to their passive 
state (all high) during T, of the bus cycle, well before 
they go to their passive state during a normal bus cycle. 


Like a normal bus cycle, however, ALE is driven active. 
Since no valid address information is present, the infor- 
mation strobed into the address latches should be ig- 
nored. This ALE pulse can be used, however, to latch the 
HALT status from the SO-S2 status lines. 


The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the DMA transfer will run. In fact, DMA latency 
time will improve while the processor is halted because 
the DMA unit will not be contending with the processor 
for access to the 80186 bus (see section 4.4.1). 


3.1.8 8288 AND 8289 INTERFACING 


The 8288 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086 and 
8088. Because the 80186 bus is similar to the 8086 bus, 
they can be directly used with the 80186. Figure 16 
shows an 80186 interconnection to these two devices. 


The 8288 bus controller generates control signals (RD, 
WR, ALE, DT/R, DEN, etc.) for an 8086 maximum 
mode system. It derives its information by decoding sta- 
tus lines SO-S2 of the processor. Because the 80186 and 
the 8086 drive the same status information on these 
lines, the 80186 can be directly connected to the 8288 
just as in an 8086 system. Using the 8288 with the 80186 
does not prevent using the 80186 control signals directly. 
Many systems require both local bus control signals and 
system bus control signals. In this type of system, the 
80186 lines could be used as the local signals, with the 
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Figure 16. 80186/8288/8289 Interconnection 


8288 lines used as the system signals. Note that in an 
80186 system, the 8288 generated ALE pulse occurs lat- 
er than that of the 80186 itself. In many multimaster 


bus systems, the 8288 ALE pulse should be used to 


strobe the addresses into the system bus address latches 
to insure that the address hold times are met. 


The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices each of which can 
become the bus master. This component also decodes 
status lines SO-S2 of the processor directly to determine 
when the system bus is required. When the system bus is 
required, the 8289 forces the processor to wait until it 


1. Asynchronous Resolution Flip Flop 
2. Ready Latch Flip Flop 


has acquired control of the bus, then it allows the proces- 
sor to drive address, data and control information onto 
the system bus. The system determines when it requires 


system bus resources by an address decode. Whenever 


the address being driven coincides with the address of an 
on-board resource, the system bus is not required and 
thus will not be requested. The circuit shown factors the 
80186 chip select lines to determine when the system bus 
should be requested, or when the 80186 request can be 
satisfied using a local resource. 


3.1.9 READY INTERFACING 


The 80186 provides two ready lines, a synchronous 
ready (SRDY) line and an asynchronous ready 
(ARDY) line. These lines signal the processor to insert 
wait states (T,,) intoa CPU bus cycle. This allows slower 
devices to respond to CPU service requests (reads or 
writes). Wait states will only be inserted when both 
ARDY and SRDY are low, i.e., only one of ARDY or 
SRDY need be active to terminate a bus cycle. Any 
number of wait states may be inserted into a bus cycle. 
The 80186 will ignore the RDY inputs during any ac- 
cesses to the integrated peripheral registers, and to any 
area where the chip select ready bits indicate that the 
external ready should be ignored. 


The timing required by the two RDY lines is different. 
The ARDY line is meant to be used with asynchronous 
ready inputs. Thus, inputs to this line will be internally 
synchronized to the CPU clock before being presented to 
the processor. The synchronization circuitry used with 
the ARDY line is shown in Figure 17. Figure 18A and 
18B show valid and invalid transitions of the ARDY line 
(and subsequent wait state insertion). The first flip-flop 
is used to “resolve” the asynchronous transition of the 
ARDY line. It will achieve a definite level (either high 
or low) before its output is latched into the second flip- 


FROM SYNCHRONOUS 
READY 


Figure 17. Asynchronous Ready Circuitry of the 80186 
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flop for presentation to the CPU. When latched high, it 
allows the level present on the ARDY line to pass direct- 
ly to the CPU; when latched low, it forces not ready to be 
presented to the CPU (see Appendix B for 80186 syn- 
chronizer information). 


With this scheme, notice that only the active going edge 
of the ARDY signal is synchronized. Once the synchro- 
nization flip-flop has sampled high, the ARDY input di- 
rectly drives the RDY flip-flop. Since inputs to this 
RDY flip-flop must satisfy certain setup and hold times, 
it is important that these setup and hold times (taryzcr 
= 35ns and tcyaryx = 15 ns respectively) be satisfied 


1. No set-up or hold times required 


by any inactive going transition of the ARDY line. The 
reason ARDY is implemented in this manner is to allow 
a slow device the greatest amount of time to respond 
with a not ready after it has been selected. In a normally 
ready system, a slow device must respond with a not 
ready quickly after it has been selected to prevent the 
processor from continuing and accessing invalid data 
from the slow device. -By implementing ARDY in the 


_above fashion, the slow device has an additional clock 


phase to respond with a not ready. 


If RDY is sampled active into the RDY flip-flop at the 
beginning of T, or T, (meaning that ARDY was sam- 


4 yy 


2. toLanyx: Clock low to ARDY inactive (ARDY active hold time) = 15 ns min 


1. tanyucu: ARDY valid until clock high (ARDY inactive set-up time to clock 
high) = 20 ns min 

2. No set-up or hold time required ONLY if ® is guaranteed 

3. torarnyx: Clock low to ARDY inactive (ARDY active hold time) = 15 ns min 


1. tanyiot: ARDY low to clock low (ARDY inactive set-up time to clock low) = 
35 ns min 
must be satisfied since synchronizing FLIP-FLOP has sampied 
active 

2. tarvucu: ARDY high to clock high (ARDY active set-up time) = 20 ns min 
must be satisfied ONLY to guarantee recognition at the next clock 
(i.e. to guarantee synchronizing FLIP-FLOP will sample ARDY 
active) 

3. toLaryx: Clock low to ARDY inactive (ARDY active hold time) = 15 ns 


Figure 18A. Valid ARDY Transitions 
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(1) LESS THAN 35 ns 


CLOCK 
OUT 


ARDY 


1. Less than 20 ns 
2. Less than 35 ns 


Figure 18B. 


pled high into the synchronization flip-flop in the middle 
of a T state, and has remained high until the beginning 
of the next T state), that T state will be immediately fol- 
lowed by T,. If RDY is sampled low into the RDY flip- 


_ flop at the beginning of T, or T, (meaning that either 


ARDY was sampled low into the synchronization flip- 
flop OR that ARDY was sampled high into the synchro- 
nization flip-flop, but has subsequently changed to low 
before the ARDY setup time) that T state will be imme- 
diately followed by a wait state (T,,). Any asynchronous 
transition on the ARDY line not occurring during the 
above times, that is, when the processor is not “looking 
at” the ready lines, will not cause CPU malfunction. 


Invalid ARDY Transitions 


Again, for ARDY to force wait states to be inserted, 
SRDY must be driven low, since they are internally 
ORed together to form the processor RDY signal. 


The synchronous ready (SRDY) line requires that ALL 
transitions on this line during T,, T, or T,, satisfy a cer- 
tain setup and hold time (tspycy = 35 ns and toy spy = 
15 ns respectively). If these requirements are not met, 
the CPU will not function properly. Valid transitions on 
this line, and subsequent wait state insertion is shown in 
Figure 19. The processor looks at this line at the begin- 
ning of each T; and T,,. If the line is sampled active at 
the beginning of either of these two cycles, that cycle will 


1. Decision: Not ready, T-state will be followed by a wait state 

2. Decision: Ready, T-state will not be followed by a wait state 

3. tsayco_: Synchronous ready stable until clock low (SRDY set-up 
time) = 35 ns min 


4. toisry: 


Clock low until synchronous ready transition (SRDY hold time) = 


15 ns min 


Figure 19. Valid SRDY transitions on the 80186 
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be immediately followed by T,. On the other hand, if the 
line is sampled inactive at the beginning of either of 
these two cycles, that cycle will be followed by a T,. Any 
asynchronous transition on the SRDY line not occurring 
at the beginning of T, or T,, that is, when the processor 
is not “looking at” the ready lines will not cause CPU 
malfunction. 


3.1.10 BUS PERFORMANCE ISSUES 


Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus may 
remain idle for several T states (T;) between each bus 
access initiated by the 80186. This occurs whenever the 
80186 internal queue is full and no read/write cycles are 
being requested by the execution unit or integrated 
DMA unit. The reader should recall that a separate 
unit, the bus interface unit, fetches opcodes (including 
immediate data) from memory, while the execution unit 
actually executes the pre-fetched instructions. The num- 
ber of clock cycles required to execute an 80186 instruc- 
tion vary from 2 clock cycles for a register to register 
move to 67 clock cycles for an integer divide. 


If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. Ifa 
program contains mainly short instructions or data 
move instructions, the execution will be bus limited. 
Here, the execution unit will be required to wait often 
for an instruction to be fetched before it continues its op- 
eration. Programs illustrating this effect and perfor- 
mance degradation of each with the addition of wait 
states are given in appendix G. 


All instruction fetches are word (16-bit) fetches from 
even addresses unless the fetch occurs as a result of a 
/ jump to an odd location. This maximizes the utilization 


ADO-AD7 


AD8-AD15 


of each bus cycle used for instruction fetching, since 
each fetch will access two bytes of information. It is also 


good programming practice to locate all word data at | eee 
even locations, so that both bytes of the word may be ac- cringe 
cessed in a single bus cycle (see discussion on data bus ee 
interfacing for further information, section 3.1.3 of this — ee 
note). Fa 


Although the amount of bus utilization, i.e., the percent- Racks 
age of bus time used by the 80186 for instruction fetch- see 
ing and execution required for top performance will vary ag 
considerably from one program to another, a typical in- ee 
struction mix on the 80186 will require greater bus utili- oe ahh 
zation than the 8086. This is caused by the higher 4 
performance execution unit requiring instructions from — 
the prefetch queue at a greater rate. This also means 


that the effect of wait states is more pronounced in an ae: Be 
80186 system than in an 8086 system. Inall butafew = = | 
cases, however, the performance degradation incurred 
by adding a wait state is less than might be expected be- Bs 
cause instruction fetching and execution are performed Seah 
by separate units. Bes a 

| sae 
3.2 Example Memory Systems (ee eS 
3.2.1 2764 INTERFACE 2 iE Rae 
With the above knowledge of the 80186 bus, various _ ere 


memory interfaces may be generated. One of the sim- — ies 
plest of these is the example EPROM interface shown in ' 
Figure 20. 


The addresses are latched using the address generation 
circuit shown earlier. Note that the AO line of each 
EPROM is connected to the Al address line from the 
80186, NOT the AO line. Remember, AO only signals a 
data transfer on the lower 8 bits of the 16-bit data bus! ES ee 
The EPROM outputs are connected directly to the ad- a4 
dress /data inputs of the 80186, and the 80186 RD ence 
is used as the OE for the EPROMs. | st 


Figure 20. Example 2764/80186 interface ee 
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The chip enable of the EPROM is driven directly by the 
chip select output of the 80186 (see section 8). In this 
configuration, the access time calculation for the 
EPROMs are: 


time from 

address: (3 + N)*torcr —tcrav — tivov(8282) — tpver 
= 375 + (N * 125) — 44 — 30 — 20 
= 281 + (N * 125) ns 

time from 

chip select: (3 + N)*tope, — tetcsy — tpver 


malo GN” 125).— 66 —.20 
== 289; -+: (N._*.125) ns 


time from 
RD (OE): (2 + N)tcrct — terri — tpver 


= 250 + (N * 125) — 70 — 20 
= 160 + (N * 125) ns 
where: 


~te_av = time from clock low in T, until addresses 
are valid 


tcc, = clock period of processor 


tivov = time from input valid of 8282 until output 
valid of 8282 


tpvc. = 186 data valid input setup time until clock 
low time of T, 


tcicsv = time from clock low in T, until chip selects 
are valid 


to_ry = time from clock low in T, until RD goes low 
N = number of wait states inserted 


Thus, for 0 wait state operation, 250ns EPROMs must 
be used. The only significant parameter not included 
above is tpyay, the time from RD inactive (high) until 
the 80186 begins driving address information. This pa- 
rameter is 85ns, which meets the 2764-25 (250ns speed 
selection) output float time of 85ns. If slower EPROMs 
are used, a discrete data buffer MUST be inserted be- 
tween the EPROM data lines and the address/data bus, 
since these devices may continue to drive data informa- 
tion on the multiplexed address/data bus when the 
80186 begins to drive address information for the next 
bus cycle. 


3.2.2 2186 INTERFACE 
An example interface between the 80186 and 2186 


_iRAMs is shown in Figure 21. This memory component 


is almost an ideal match with the 80186, because of its 
large integration, and its not requiring address latching. 


Figure 21. Example 2186/80186 Interface 
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The 2186 internally is a dynamic RAM integrated with 
refresh and control circuitry. It operates in two modes, 
pulse mode and late cycle mode. Pulse mode is entered if 
the CE signal i is low to the device a maximum of 130ns, 

and requires the command input (RD or WE) to go ac- 
tive within 90ns after CE. Because of these require- 
ments, interfacing the 80186 to the 2186 in pulse mode 
would be difficult. Instead, the late cycle mode is used. 
This affords a much simpler interface with no loss of 
performance. The iRAM automatically selects between 
these modes by the nature of the control signals. 


The 2186 is a leading edge triggered device. This means 
that address and data information are strobed into the 
device on the active going (high to low) transition of the 
command signal. This requires both CE and WR be de- 
layed until the address and data driven by the 80186 are 
guaranteed stable. Figure 21 shows a simple circuit 
which can be used to perform this function. Note that 
ALE CANNOT be used to delay CE if addresses are not 
latched externally, because this would violate the ad- 
dress hold time required by the 2186 (30ns). 


Because the 2186s are RAMs, data bus enables (BHE 
and AO, see previous section) MUST be used to factor 
either the chip enables or write enables of the lower and 
upper bytes of the 16-bit RAM memory system. If this is 
not done, all memory writes, including single byte 
writes, will write to both the upper and lower bytes of the 
memory system. The example system shown uses BHE 
and AO as factors to the 2186 CE. This may be done, be- 
cause both of these signals (AO and BHE) are valid 
when the address information is valid from the 80186. 


The 2186 requires a certain amount of recovery time be- 
tween its chip enable going inactive and its chip enable 
going active insure proper operation. For a “normal” cy- 
cle (a read or write), this time is teyp, = 40ns. This 
means that the 80186 chip select lines will go inactive 
soon enough at the end of a bus cycle to provide the re- 
quired recovery time even if two consecutive accesses are 
made to the iRAMs. If the 2186 CE is asserted without a 
command signal (WE or OB), a “False Memory Cycle” 
(FMC) will be generated. Whenever a FMC is generat- 
ed, the recovery time is much longer; another memory 
cycle must not be initiated for 200ns. As a result, if the 
memory system will generate FMCs, CE must be taken 
away in the middle of the T state (T, or T,,) immediately 
preceding T, to insure two consecutive cycles to the 
iRAM will not violate this parameter. Status going pas- 
sive (all high) can be used for this purpose. These lines 
will all go high during the first phase of the next to last T 
state (either T, or T,,) of a bus cycle (see section 3.1.5). 


Finally, since it is a dynamic device, the 2186 requires 
refresh cycles to maintain data integrity. The circuitry 
to generate these refresh cycles is integrated within the 
2186. Because of this, the 2186 has a ready line which is 
used to suspend processor operation if a processor RAM 
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access coincides with an internally generated refresh cy- 
cle. This is an open collector output, allowing many of 


them to be wire-OR’ed together, since more than onede- | 


vice may be accessed at at time. These lines are also nor- 


mally ready, which means that they will be high > 


whenever the 2186 is not being accessed, i.e., they will 
only be driven low if a processor request coincides with 
an internal refresh cycle. Thus, the ready lines from the 


iRAM must be factored into the 80186 RDY circuit © | 


only during accesses to the iRAM itself. Since the 2186 
refresh logic operates asynchronously to the 80186, this 
RDY line must be synchronized for proper operation 
with the 80186, either by the integrated ready synchro- 
nizer or by an external circuit. The example circuit uses. 
the integrated synchronizer associated with the ARDY 
processor input. 


The ready lines of the 2186 are active unless a processor 
access coincides with an internal refresh cycle. These 


lines must go inactive soon enough after a cycle is re- 


quested to insert wait states into the data cycle. The 
2186 will drive this line low within 5Ons after CE is re- 
ceived, which is early enough to force the 80186 to insert 
wait states if they are required. The primary concern 
here is that the ARDY line be driven not active before 
its setup time in the middle of T,. This is required by the. 
nature of the asynchronous ready synchronization cir- 
cuitry of the 80186. Since the RDY pulse of the 2186 
may be as narrow as S5Ons, if ready was returned after 
the first stage of the synchronizer, and subsequently 
changed state within the ready setup and hold time of 
the high to low going edge of the CPU clock at the end of 
T,, improper operation may occur (see section 3.1.6). 


The example interface shown has a zero wait stateRAM 
read access time from CE of: 


3*tercr — tercsy — (TTL delay) — tpyer 
= 375 — 66 — 30 — 20ns 
= 259 ns 


where: 
tctc, = CPU clock cycle time 


tctcsy = time from clock low in T, until chip selects 
are valid 


tpvc_ = 80186 data in setup time before clock low in 
4 


The data valid delay from OE active is less than 100ns, 
and is therefore not an access time limiter in this inter- 
face. Additionally, the 2186 data float time from RD in- 
active is less than the 85ns 80186 imposed maximum. 
The CE generation circuit shown in Figure 21 provides 
an address setup time of at least 11ns, and an address 
hold time of at least 35ns (assuming a maximum two 
level TTL delay of less than 30ns). 
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Write sci address setup and hold times are identical to 
the read cycle times. The circuit shown provides at least 
llns write data setup and 100ns data hold time from 
WE, easily meeting the Ons setup and 40ns hold times 
required by the 2186. 


For more information concerning 2186 timing and in- 
terfacing, please consult the 2186 data sheet, or the ap- 
plication note AP-132, “Designing Memory Systems 
with the 8Kx8 iRAM” by John Fallin and William 
Righter (June 198 2). 


3.2.3 8203 DRAM INTERFACE 


An example 8203/DRAM interface is shown in Figure 
22. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface with 64K 
DRAMs. 


ADO-AD15 


Figure 22. 
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All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T, of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 
memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patibility. Even if a 25 MHz crystal is used (the maxi- 
mum allowed by the 8203) two wait states will be 
required by the example circuit when using 150ns 
DRAMs with an 8 MHz 80186, three wait states if 
200ns DRAMs are used (see timing analysis, Figure 
23%. 


The entire RAM array controlled by the 8203 can be se- 
lected by one or a group of the 80186 provided chip se- 
lects. These chip selects can also be used to insert the 
wait states required by the interface. 


DIO-15 
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Example 8203/DRAM/80186 Interface 
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1. tope.: Clock low until read low = 70 ns max 

2. ton: Command active until RAS = 150 ns max” 
3. tog: Command active until CAS = 245 ns max" 
4. tcac: Access time from CAS = 85 ns max 

5. tisoy: Input to output delay = 30 ns max 


6. tpyo_: Data valid to clock low (data in set up) = 20 ns min 
Total Access Time = 70 + 245 +85 +30 +20 = 450 ns (3.6 T-states) 


as Ce 
Me 


oe TT Te 


STABLE DATA 


STABLE DATA 


| 
® & © are 186 specs 
@ & ® are 8203 specs 
@ is a 2164A-15 spec 
® is on 8282 spec 


*Assumes 25MHz 
8203 operation 


Figure 23. 8203/2164A-15 Access Time Calculation 


Since the 8203 is operating asynchronously to the 
80186, the RDY output of the 8203 (used to suspend 
processor operation when a processor DRAM request 
coincides witha DRAM refresh cycle) must be synchro- 
nized to the 80186. The 80186 ARDY line is used to pro- 
vide the necessary ready synchronization. The 8203 
ready outputs operate in a normally not ready mode, 
that is, they are only driven active when an 8203 cycle is 
being executed, and a refresh cycle is not being run. This 
is fundamentally different than the normally ready 
mode used by the 2186 iRAMs (see previous section). 
The 8203 SACK signal is presented to the 80186 only 
‘ when the DRAM is being accessed. Notice that the 
SACK output of the 8203 is used, rather than the 
XACK output. Since the 80186 will insert at least one 
full CPU clock cycle between the time RDY is sampled 
active, and the time data must be present on the data 
bus, using the XACK signal would insert unnecessary 
additional wait states, since it does not indicate ready 
until valid data is available from the memory. 


For more information about 8203/DRAM interfacing 
and timing, please consult the 8203 data sheet, or 
AP97A, “Interfacing Dynamic RAM to iAPX86/88 
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Systems Using the Intel 8202A and 8203” by Brad May 
(April 1982). 3 


3.2.4 8207 DRAM INTERFACE 


The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM memory. interface 
specifically for 80186 or 80286 microcomputer systems. 
This controller provides all address multiplexing and 
DRAM refresh circuitry. In addition, it synchronizes 
and arbitrates memory requests from two different ports 
(e.g., an 80186 and a Multibus), allowing the two ports 
to share memory. Finally, the 8207 provides a simple in- 
terface to the 8206 error detection and correction chip. 


The simplest 8207 (and also the highest performance) 


‘interface is shown in Figure 24. This shows the 80186 


connected to an 8207 using the 8207 slow cycle, synchro- 
nous status interface. In this mode, the 8207 decodes the 
type of cycle to be run directly from the status lines of 
the 80186. In addition, since the 8207 CLOCKIN is 
driven by the CLOCKOUT of the 80186, any perfor- 
mance degradation caused by required memory request 
synchronization between the 80186 and the 8207 is not 
present. Finally, the entire memory array driven by the 
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8207 may be selected using one or a group of the 80186 
memory chip selects, as in the 8203 interface above. 


Figure 24. 80186/8207/DRAM Interface 


The 8207 AACK signal may be used to generate a syn- 
chronous ready signal to the 80186 in the above inter- 
face. Since dynamic memory periodically requires 
refreshing, 80186 access cycles may occur simulta- 
neously with an 8207 generated refresh cycle. When this 
occurs, the 8207 will hold the AACK line high until the 
processor initiated access is run (note, the sense of this 
line is reversed with respect to the 80186 SRDY input). 
This signal should be factored with the DRAM (8207) 
select input and used to drive the SRDY line of the 
80186. Remember that only one of SRDY and ARDY 
needs to be active for a bus cycle to be terminated. If 
asynchronous devices (e.g., a Multibus interface) are 
connected to the ARDY line with the 8207 connected to 
the SRDY line, care must be taken in design of the ready 
circuit such that only one of the RDY lines is driven ac- 
tive at a time to prevent premature termination of the 
bus cycle. 


3.3 HOLD/HLDA Interface 


The 80186 employs a HOLD/HLDA bus exchange pro- 
tocol. This protocol allows other asynchronous bus mas- 
ter devices (i.e., ones which drive address, data, and 


- control information on the bus) to gain control of the bus 


to perform bus cycles (memory or I/O reads or writes). 


3.3.1 HOLD RESPONSE 


In the HOLD/HLDA protocol, a device requiring bus 
control (e.g., an external DMA device) raises the 
HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is finished 
with the bus, it drops its bus HOLD request. The 80186 
responds by dropping its HLDA line and resuming bus 
operation. 
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When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see Figure 
25). ADO - AD15 (address/data 0 - 15) and DEN (data 
enable) are floated within tc; 47 (35ns) after the same 
clock edge that HLDA is driven active. A16-A19 (ad- 
dress 16 - 19), RD, WR, BHE (Bus High Enable), 
DT/R (Data Transmit/Receive) and SO - S2 (status 0 - 
2) are floated within tcyjcz (45ns) after the clock edge 
immediately before the clock edge on which HLDA 
comes active. 


HLDA 


AD15-ADO 
DEN 
A16-A19 
RD,WR,BHE 
DT/R,SO-S2 


Figure 25. Signal Float/HLDA Timing of the 80186 


Only the above mentioned signals are floated during bus 
HOLD. Of the signals not floated by the 80186, some 
have to do with peripheral functionality (e.g., TmrOut). 
Many others either directly or indirectly control bus de- 
vices. These signals are ALE (Address Latch Enable, 
see section 3.1.2) and_all the chip select lines (UCS, 
LCS, MCS0-3, and PCS0-6). The designer must be 
aware that the chip select circuitry does not look at ex- 
ternally generated addresses (see section 10 for a discus- 
sion of the chip select logic). Thus, for memory or 
peripheral devices which are addressed by external bus 
master devices, discrete chip select and ready generation 
logic must be used. 


3.3.2 HOLD/HLDA TIMING AND BUS LATENCY 


The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect this latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 


The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous sig- 
nal. To guarantee recognition on a certain clock edge, it 
must satisfy a certain setup and hold time to the falling 
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edge of the CPU clock. A full CPU clock cycle is re- 
quired for this synchronization, that is, the internal 
HOLD signal is not presented to the internal bus arbi- 
tration circuitry until one full clock cycle after it is 
latched from the HOLD input (see Appendix B for a dis- 


1. tyyvcL: Hold valid until clock low = 25 ns min 
2. tcLHav: Clock low until HLDA active = 50 ns max 


HLDA 


cussion of 80186 synchronizers). If the bus is idle, 


HLDA will follow HOLD by two CPU clock cycles plus 
a small amount of setup and propagation delay time. 
The first clock cycle synchronizes the input; the second 
signals the internal circuitry to initiate a bus hold. (see 
Figure 26). 


Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These may make 
bus latency longer than the best case shown above. Per- 
haps the most important factor is that the 80186 will not 
relinquish the local bus until the bus is idle. An idle bus 
occurs whenever the 80186 is not performing any bus 
transfers. As stated in section 3.1.1, when the bus is idle, 
the 80186 generates idle T-states. The bus can become 
idle only at the end of a bus cycle. Thus, the 80186 can 
recognize HOLD only after the end of its current bus cy- 
cle. The 80186 will normally insert no T; states between 
T, and T, of the next bus cycle if it requires any bus ac- 
tivity (e.g., instruction fetches or I/O reads). However, 
the 80186 may not have an immediate need for the bus 
after a bus cycle, and will insert T; states independent of 
the HOLD input (see section 3.1.7). 


When the HOLD request is active, the 80186 will be 


1. Decision: No additional internal bus cycles required, idle T-states will be 


inserted after T, 
2. Greater than 25 ns (tyyc,) 
3. Less than 50 ns (to pay) 


4. HOLD request internally synchronized 


T, OR 


HLDA 


1. Decision: Additional internal bus cycles required, no idle T-states will be 
inserted, Hold not active soon enough to force idle T-states 
2. Greater than 25 ns (tyyc,): not required since it will not get recognized 


anyway 


3. HOLD request internally synchronized 


Figure 27. HOLD/HLDA Timing in the 80186 
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1. HOLD request internally synchronized 

2. Decision: HOLD request active, idle t-states will be inserted at end of 
Current bus cycle 

3. Greater than 25 ns 

4. Less than 50 ns | 


Figure 27A. HOLD/HLDA Timing in the 80186 


forced to proceed from T, to T; in order that the bus may 
be relinquished. HOLD must go active 3 T-states before 
the end of a bus cycle to force the 80186 to insert idle T- 
states after T, (one to synchronize the request, and one 
to signal the 80186 that T, of the bus cycle will be fol- 
lowed by idle T-states, see section 3.1.1). After the bus 
cycle has ended, the bus hold will be immediately ac- 
knowledged. If, however, the 80186 has already deter- 
mined that an idle T-state will follow T, of the current 
bus cycle, HOLD need go active only 2 T-states before 
the end of a bus cycle to force the 80186 to relinquish the 
bus at the end of the current bus cycle. This is because 
the external HOLD request is not required to force the 
generation: of idle T-states. Figure 27 graphically por- 
trays the scenarios depicted above. 


An external HOLD has higher priority than both the 
80186 CPU or integrated DMA unit. However, an exter- 
nal HOLD will not separate the two cycles needed to 


_ perform a word access when the word accessed is located 


at an odd location (see section 3.1.3). In addition, an ex- 
ternal HOLD will not separate the two-to-four bus cy- 
cles required to perform a DMA transfer using the 
integrated controller. Each of these factors will add ad- 
ditional bus cycle times to the bus latency of the 80186. 


Another factor influencing bus latency time is locked 
transfers. Whenever a locked transfer is occurring, the 
80186 will not recognize external HOLDs (nor will it 
recognize internal DMA bus requests). Locked trans- 
fers are programmed by preceding an instruction with 
the LOCK prefix. Any transfers generated by such a 
prefixed instruction will be locked, and will not be sepa- 
rated by any external bus requesting device. String in- 
structions may be locked. Since, string transfers may 
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require thousands of bus cycles, bus latency time will 
suffer if they are locked. 


The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in iRMX 86 mode (see section 6.7.4) the 80186 will 
run two interrupt acknowledge cycles back to back. 
These cycles are automatically “locked” and will never 
be separated by any bus HOLD, either internal or exter- 
nal. See section 6.5 on interrupt acknowledge timing for 
more information concerning interrupt acknowledge 
timing. | 


3.3.3 COMING OUT OF HOLD 


After the 80186 recognizes that the HOLD input has 
gone inactive, it will drop its HLDA line in a single 
clock. Figure 28 shows this timing. The 80186 will insert 
only two T; after HLDA has gone inactive, assuming 
that the 80186 has internal bus cycles to run. During the 
last T;, status information will go active concerning the 
bus cycle about to be run (see section 3.1.1). If the 
80186 has no pending bus activity, it will maintain all 
lines floating (high impedance) until the last T; before it 
begins its first bus cycle after the HOLD. 


3.4 Differences Between the 8086 bus and 
the 80186 Bus 


The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 8288 bus controller and the 8289 bus 
arbiter) may be used directly with the 80186. There are 
a few significant differences between the two processors 
which should be considered. 
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. HOLD internally synchronized 
. Greater than 25 ns 
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. Lines come out of float only if a bus cycle is pending 


Figure 28. 80186 Coming out of Hold 


e CPU Duty Cycle and Clock Generator 


The 80186 employs an integrated clock generator which 
provides a 50% duty cycle CPU clock (1/2 of the time it 
is high, the other 1/2 of the time it is low). This is differ- 
ent that the 8086, which employs an external clock gen- 
erator (the 8284A) with a 33% duty cycle CPU clock 


(1/3 of the time it is high, the other 2/3 of the time, it is_ 


low). These differences manifest themselves as follows: 


1) No oscillator output is available from the 80186, 
as it is available from the 8284A clock generator. 


2) The 80186 does not provide a PCLK (50% duty 
cycle, 1/2 CPU clock frequency) output as does 
the 8284A. 


3) The clock low phase of the 80186 is narrower, 
and the clock high phase is wile? than on the 
same speed 8086. 


4) The 80186 does not internally factor AEN with 
RDY. This means that if both RDY inputs 
(ARDY and SRDY) are used, external logic 
must be used to prevent the RDY not connected 
to a certain device from being driven active dur- 
ing an access to this device (remember, only one 
RDY input needs to be active to terminate a bus 
cycle, see section 3.1.6). 


-5) The 80186 concurrently provides both a single 
asynchronous ready input and a single.synchro- 
nous ready input, while the 8284A provides ei- 


ther two synchronous ready inputs or two — 


asynchronous ready inputs as a user strapable 
option. 


6) The CLOCKOUT (CPU clock output signal) 
drive capacity of the 80186 is less than the CPU 
clock drive capacity of the 8284A. This means 
that not as many high speed devices (e.g., 
Schottky TTL flip-flops) may be connected to 
this signal as can be used with the 8284A clock 
output. : 


7) The crystal or external oscillator used by the 
80186 is twice the CPU clock frequency, while 
the crystal or external oscillator used with the 
8284A is three times the CPU clock frequency. 


¢ Local Bus Controller and Control Signals 


The 80186 simultaneously provides both local bus con- 
troller outputs (RD, WR, ALE, DEN and DT/ R) and 
status outputs (SO, S1, S2) for use with the 8288 bus 
controller. This is different from the 8086 where the lo- 
cal bus controller outputs (generated only in min mode) 
are sacrificed if status outputs ( generated only in max 
mode) are desired. These differences will manifest 
themselves in 8086 systems and 80186 systems as 
follows: 


1) Because the 80186 can simultaneously provide 
local bus control signals and status outputs, 
many systems supporting both a system bus (e.g., 
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a Multibus®) and a local bus will not require two 
separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concurrently connected to the 8288 bus control- 
_ ler to drive the control signals of the system bus. 


2) The ALE signal of the 80186 goes active a clock 

phase earlier on the 80186 then on the 8086 or 

8288. This minimizes address propagation time 

through the address latches, since typically the 

delay time through these latches from inputs val- 

id is less than the propagation delay from the 
strobe input active. 


3) The 80186 RD input must be tied low to provide 
queue status outputs from the 80186 (see Figure 
29). When so strapped into “queue status mode,” 
the ALE and WR outputs provide queue status 
information. Notice that this queue status infor- 
mation is available one clock phase earlier from 
the 80186 than from the 8086 (see Figure 30). 


Figure 29. Generating Queue Status Information 
from the 80186 


« HOLD/HLDA vs. RQ/GT 


As discussed earlier, the 80186 uses a HOLD/HLDA 
type of protocol for exchanging bus mastership (like the 
8086 in min mode) rather than the RQ/GT protocol 
used by the 8086 in max mode. This allows compatiblity 
with Intel’s the new generation of high performance/ 
high integration bus master peripheral devices (for ex- 
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ample the 82586 Ethernet* controller or 82730 high 
performance CRT controller/text coprocessor). 


e Status Information 


The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register used to generate the physical ad- 
dress of the currently executing bus cycle. S5S provides 
information concerning the state of the interrupt enable 
flip-flop. These status bits are always low on the 80186. 


Status signal S6 is used to indicate whether the current 
bus cycle is initiated by either the CPU or a DMA de- 
vice. Subsequently, it is always low on the 8086. On the 
80186, it is low whenever the current bus cycle is initiat- 
ed by the 80186 CPU, and is high when the current bus 
cycle is initiated by the 80186 integrated DMA unit. 


e Bus Drive 


The 80186 output drivers will drive 200pF loads. This is 
double that of the 8086 (100pF). This allows larger sys- 
tems to be constructed without the need for bus buffers. 
It also means that it is very important to provide good 
grounds to the 80186, since its large drivers can dis- 
charge its outputs very quickly causing large current 
transients on the 80186 ground pins. 


« Misc. 


, 


The 80186 does not provide early and late write signals, 
as does the 8288 bus controller. The WR signal generat- 
ed by the 80186 corresponds to the early write signal of 
the 8288. This means that data is not stable on the ad- 
dress/data bus when this signal is driven active. 


The 80186 also does not provide differentiated I/O and 
memory read and write command signals. If these sig- 
nals are desired, an external 8288 bus controller may be 
used, or the S2 signal may be used to synthesize differ- 
entiated commands (see section 3.1.4). 


*Ethernet is a registered trademark of Xerox Corp. 


1. 80186 changes queue status off falling edge of CLK 
2. 8086 changes queue status off rising edge of CLK 


Figure 30. 80186 and 8086 Queue Status Generation 
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4. DMA UNIT INTERFACING 


The 80186 includes a DMA unit which provides two in- 
dependent high speed DMA channels. These channels 
operate independently of the CPU, and drive all inte- 
grated bus interface components (bus controller, chip se- 
lects, etc.) exactly as the CPU (see Figure 31). This 
means that bus cycles initiated by the DMA unit are ex- 
actly the same as bus cycles initiated by the CPU (ex- 
cept that S6 = 1 during all DMA initiated cycles, see 
section 3.1). Thus interfacing with the DMA unit itself 
is very simple, since except for the addition of the DMA 
request connection, it is exactly the same as interfacing 
to the CPU. 


EXTERNAL ADDRESS/DATA, 
CONTROL, CHIP SELECTS, 
ETC. 


BUS INTERFACE 
& 
CHIP SELECT CIRCUITRY 


INTERNAL BUS 


OMA | | contmot 
REGISTERS ELEMENT 


DMA 
REQUESTS 


Figure 31. 80186 CPU/DMA Channel 
- internal Model 


4.1 DMA Features 


Each of the two DMA channels provides the following 
features: 


e Independent 20-bit source and destination pointers 
which are used to access the I/O or memory location 
from which data will be fetched or to which data will 
be deposited 


e Programmable auto-increment, auto-decrement or 
neither of the source and destination pointers after 
each DMA transfer 


e Programmable termination of DMA activity after a 
certain number of DMA transfers 


e Programmable CPU interruption at DMA termina- 
tion | 


e Byte or word DMA transfers to or from even or odd 
memory or I/O addresses 


e Programmable generation of DMA requests by: 
1) the source of the data : 
2) the destination of the data 
3) timer 2 (see section 5) 


4) the DMA unit itself (continuous DMA requests) 


4.2 DMA Unit Programming 


_ Each of the two DMA channels contains a_ number of © 


registers which are used to control channel operation. 


These registers are included in the 80186 integrated pe- | 


ripheral control block (see appendix A). These registers 
include the source and destination pointer registers, the 
transfer count register and the control register. The lay- 


out and interpretation of the bits in these registers is giv- — 


en in Figure 32. 


The 20-bit source and destination pointers allow access 
to the complete 1 Mbyte address space of the 80186, and 


that all 20 bits are affected by the auto-increment or 


auto-decrement unit of the DMA (i.e., the DMA 
channels address the full 1 Mbyte address space of the 
80186 as a flat, linear array without segments). When 
addressing I/O space, the upper 4 bits of the DMA 
pointer registers should be programmed to be 0. If they 
are not programmed 0, then the programmed value 
(greater than 64K in J/O space) will be driven onto the 
address bus (an area of I/O space not accessable to the 
CPU). The data transfer will occur correctly, however. 


After every DMA transfer the 16-bit DMA transfer 


count register it is decremented by 1, whether a byte | 


transfer or a word transfer has occurred. If the TC bit in 
the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count of 
zero allows 65536 (2!°) transfers. 


The DMA control register (see Figure 33) contains bits 
which control various channel characteristics, including 
for each of the data source and destination whether the 
pointer points to memory or I/O space, or whether the 
pointer will be incremented, decremented or left alone 
after each DMA transfer. It also contains a bit which se- 
lects between byte or word transfers. Two synchroniza- 
tion bits are used to determine the source of the DMA 
requests (see section 4.7). The TC bit determines wheth- 
er DMA activity will cease after a programmed number 
of DMA transfers, and the INT bit is used to enable in- 
terrupts to the processor when this has occurred (note 
that an interrupt will not be generated to the CPU when 
the transfer count register reaches zero unless both the 
INT bit and the TC bit are set). 


The control register also contains a_ start/stop 
(ST/STOP) bit. This bit is used to enable DMA 
transfers. Whenever this bit is set, the channel is 
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Figure 32. 80186 DMA Register Layout 


1 


DESTINATION 


“armed,” that is,a DMA transfer will occur whenever a 
DMA request is made to the channel. If this bit is 
cleared, no DMA transfers will be performed by the 
channel. A companion bit, the CHG/NOCHG bit, 
allows the contents of the DMA control register to be 
changed without modifying the state of the start/stop 
bit. The ST/STOP bit will only be modified if the 
CHG/NOCHG bit is also set during the write to the 
DMA control register. The CHG/NOCHG bit is 
write only. It will always be read back as a 1. Because 
DMA transfers could occur immediately after the 
ST/STOP bit is set, it should only be set only after all 
other DMA controller registers have been programmed. 
This bit is automatically cleared when the transfer count 
register reaches zero and the TC bit in the DMA control 
register is set, or when the transfer count register 
reaches zero and unsynchronized DMA transfers are 
programmed. 
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Figure 33. DMA Control Register 


All DMA unit programming registers are directly 
accessable by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be generated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only half of the register values have changed. The 
above also holds true if a read/modify/write type of op- 
eration is being performed (e.g., ANDing off bits in a 
pointer register in a single AND instruction to a pointer 
register mapped into memory space). 
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. Source address 

. Source data 

. Destination address 
. Destination data 


NOTE: Wait states are inserted by the bus condition during the bus cycle, not by the DMA controller 


Figure 34. Example DMA Transfer Cycle on the 80186 


4.3 DMA Transfers 


Every DMA transfer in the 80186 consists of two inde- 
pendent bus cycles, the fetch cycle and the deposit cycle 
(see Figure 34). During the fetch cycle, the byte or word 
data is accessed from memory or I/O space using the ad- 
dress in the source pointer register. The data accessed is 
placed in an internal temporary register, which is not ac- 
cessible to the CPU. During the deposit cycle, the byte 
or word data in this internal register is placed in memory 
or I/O space using the address in the destination pointer 
register. These two bus cycles will not be separated by 
bus HOLD or by the other DMA channel, and one will 
never be run without the other except when the CPU is 
RESET. Notice that the bus cycles run by the DMA 
unit are exactly the same as memory or I/O bus cycles 
run by the CPU. The only difference between the two is 
the state of the S6 status line (which is multiplexed on 
the A19 line): on all CPU initiated bus cycles, this status 
line will be driven low; on all DMA initiated bus cycles, 
this status line will be driven high. 


4.4 DMA Requests 


Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source of the DMA data or the destination of 
the DMA data. All transfer requests on this line are syn- 
chronized to the CPU clock before being presented to in- 
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ternal DMA logic. This means that any asynchronous 
transitions of the DMA request line will not cause the 
DMA channel to malfunction. In addition to external 
requests, DMA requests may be generated whenever the 
internal timer 2 times out, or continuously by program- 
ming the synchronization bits in the DMA control regis- 
ter to call for unsynchronized DMA transfers. 


4.4.1 DMA REQUEST TIMING AND LATENCY 


Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A certain 
amount of time is required for the CPU to grant this in- 
ternal bus to the DMA unit. The time between a DMA 
request being issued and the DMA transfer being run is 
known as DMA latency. Many of the issues concerning 
DMaA latency are the same as those concerning bus la- 
tency (see section 3.3.2). The only important difference 
is that external HOLD always has bus priority over an 
internal DMA transfer. Thus, the latency time of an in- 
ternal DMA cycle will suffer during an external bus 
HOLD. 


Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other channel. 
If both channels are active, DMA latency will suffer on 
the lower priority channel. If both channels are active 
and both channels are of the same programmed priority, 
DMA transfer cycles will alternate between the two 
channels (i.e., the first channel will perform a fetch and 
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Figure 35. DMA Request Timing on the 80186 (showing minimum response time to request) 


deposit, followed by a fetch and deposit by the second 
channel, etc). 


The minimum timing required to generate a DMA cycle 
is shown in Figure 35. Note that the minimum time from 
DRQ becoming active until the beginning of the first 
DMaA cycle is 4 CPU clock cycles, that is, a DMA re- 
quest is sampled 4 clock cycles before the beginning of a 
bus cycle to determine if any DMA activity will be re- 
quired. This time is independent of the number of wait 
states inserted in the bus cycle. The maximum DMA la- 
tency is a function of other processor activity (see 
above). 


Also notice that if DRQ is sampled active at 1 in Figure 
35, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor such that any transition on 
the DMA request line will cause a DMA cycle eventual- 
ly. Quite the contrary, DMA request must be active at a 
certain time before the end of a bus cycle for the DMA 
request to be recognized by the processor. If the DMA 
request line goes inactive before that window, then no 
DMaA cycles will be run. 


DMA DEVICE 


DMA 
ACKNOWLEDGE 


CHIP SEL 


DMA REQUEST 


Figure 36. DMA Acknowledge Synthesis from the 80186 
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4.5 DMA Acknowledge 


The 80186 generates no explicit DMA acknowledge sig- 
nal. Instead, the 80186 performs a read or write directly 
to the DMA requesting device. If required, a DMA ac- 
knowledge signal can be generated by a decode of an ad- 
dress, or by merely using one of the PCS lines (see 
Figure 36). Note ALE must be used to factor the DACK 
because addresses are not guaranteed stable when chip 
selects go active. This is required because if the address 
is not stable when the PCS goes active, glitches can 
occur at the output of the DACK generation circuitry as 
the address lines change state. Once ALE has gone low, 
the addresses are guaranteed to have been stable for at 
least tava; (30ns). 


4.6 Internally Generated DMA Requests 


There are two types in internally synchronized DMA 
transfers, that is, transfer initiated by a unit integrated 
in the 80186. These two types are transfers in which the 
DMA request is generated by timer 2, or where DMA 
request is generated by the DMA channel itself. 


The DMA channel can be programmed such that when- 
ever timer 2 reaches its maximum count, a DMA re- 
quest will be generated. This feature is selected by 
setting the TDRQ bit in the DMA channel control regis- 
ter. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer re- 
quest has been generated, it cannot be cleared except by 
running the DMA cycle or by clearing the TDRQ bits in 
both DMA control registers. Before any DMA requests 
are generated in this mode, timer 2 must be initiated and 
enabled. 


A timer requested DMA cycle being run byeither DMA | 


channel will reset the timer request. Thus, if both chan- 
nels are using it to request a DMA cycle, only one DMA 
channel will execute a transfer for every timeout of tim- 
er 2. Another implication of having a single bit timer 
DMA request latch in the DMA controller is that if an- 
other timer 2 timeout occurs before a DMA channel has 
a chance to run a DMA transfer, the first request will be 
lost, i.e., only a single DMA transfer will occur, even 
though the timer has timed out twice. 


The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer cy- 
cles will be run continuously at the maximum bus band- 
width, one after the other until the preprogrammed 
number of DMA transfers (in the DMA transfer count 
register) have occurred. This mode is selected by pro- 
gramming the synchronization bits in the DMA control 
register for unsynchronized transfers. Note that in this 
mode, the DMA controller will monopolize the CPU 
bus, i.e., the CPU will not be able to perform opcode 
fetching, memory operations, etc., while the DMA 
transfers are occurring. Also notice that the DMA will 
only perform the number of transfers indicated in the 
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maximum count register regardless of the state of the 
TC bit in the DMA control register. 


4.7 Externally Synchronized DMA 
Transfers 


There are two types of externally synchronized DMA 
transfers, that is, DMA-transfers which are requested by 
an external device rather than by integrated timer 2 or 
by the DMA channel itself (in unsynchronized trans- 
fers). These are source synchronized and destination 
synchronized transfers. These modes are selected by 
programming the synchronization bits in the DMA 
channel control register. The only difference between 
the two is the time at which the DMA request pin is sam- 
pled to determine if another DMA transfer is immedi- 
ately required after the currently executing DMA 
transfer. On source synchronized transfers, this is done 
such that two source synchronized DMA transfers may 
occur one immediately.after the other, while on destina- 
tion synchronized transfers a certain amount of idle 
time is automatically inserted between two DMA trans- 
fers to allow time for the DMA requesting device to 
drive its DMA request inactive. 


4.7.1 SOURCE SYNCHRONIZED 
DMA TRANSFERS 


In a source synchronized DMA transfer, the source of 
the DMA data requests the DMA cycle. An example of 
this would be a floppy disk read from the disk to main 
memory. In this type of transfer, the device requesting 
the transfer is read during the fetch cycle of the DMA 
transfer. Since it takes 4 CPU clock cycles from the time 
DMA request is sampled to the time the DMA transfer 
is actually begun, and a bus cycle takes a minimum of 4 
clock cycles, the earliest time the DMA request pin will 
be sampled for another DMA transfer will be at the be- 
ginning of the deposit cycle of a DMA transfer. This al- 
lows over 3 CPU clock cycles between the time the 
DMA requesting device receives an acknowledge to its 
DMA request (around the beginning of T, of the DMA 
fetch cycle), and the time it must drive this request inac- 
tive (assuming no wait states) to insure that another 
DMA transfer is not performed if it is not desired (see 
Figure 37). 


4.7.2 DESTINATION SYNCHRONIZED 
DMA TRANSFERS 


In destination synchronized DMA transfers, the desti- 
nation of the DMA data requests the DMA transfer. An 
example of this would be a floppy disk write from main 
memory to the disk. In this type of transfer, the device 


requesting the transfer is written during the deposit cy- 


cle of the DMA transfer. This causes a problem, since 
the DMA requesting device will not receive notification 
of the DMA cycle being run until 3 clock cycles before 
the end of the DMA transfer (if no wait states are being 
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Figure 37. Source & Destination Synchronized DMA Request Timing 


inserted into the deposit cycle of the DMA transfer) and 
it takes 4 clock cycles to determine whether another 
DMA cycle should be run immediately following the 
current DMA transfer. To get around this problem, the 
DMA unit will relinquish the CPU bus after each desti- 
nation synchronized DMA transfer for at least 2 CPU 
clock cycles to allow the DMA requesting device time to 
drop its DMA request if it does not immediately desire 
another immediate DMA transfer. When the bus is re- 
linquished by the DMA unit, the CPU may resume bus 
operation (e.g., instruction fetching, memory or I/O 
reads or writes, etc.) Thus, typically, a CPU initiated 
bus cycle will be inserted between each destination syn- 
chronized DMA transfer. If no CPU bus activity is re- 
quired, however (and none can be guaranteed), the 
DMA unit will insert only 2 CPU clock cycles between 
the deposit cycle of one DMA transfer and the fetch cy- 
cle of the next DMA transfer. This means that the DMA 
destination requesting device must drop its DMA re- 
quest at least two clock cycles before the end of the de- 
posit cycle regardless of the number of wait states 
inserted into the bus cycle. Figure 37 shows the DMA 
request going away too late to prevent the immediate 
generation of another DMA transfer. Any wait states in- 

serted in the deposit cycle of the DMA transfer will 
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lengthen the amount of time from the beginning of the 
deposit cycle to the time DMA will be sampled for an- 
other DMA transfer. Thus, if the amount of time a de- 
vice requires to drop its DMA request after receiving a 
DMA acknowledge from the 80186 is longer than the 0 
wait state 80186 maximum (100 ns), wait states can be 
inserted into the DMA cycle to lengthen the amount of 
time the device has to drop its DMA request after receiv- 
ing the DMA acknowledge. Table 4 shows the amount of 
time between the beginning of T, and the time DMA re- 
quest is sampled as wait states are inserted in the DMA 
deposit cycle. 


Table 4. DMA Request Inactive Timing 


Max Time(ns) 
For DRQ Inactive 
From Start of T, 


Number of 
Wait States 
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1. DMA request synchronization 
2. Decision: Will DMA cycle be run? 
Answer: No DMA request is active but DHLT is set 


(from NMI request) 
3. NMI synchronization time 


DMA DEPOSIT CYCLE 
| 


4. Logic delay time from synchronized NMI until DHLT set (note: DHLT is in 


the interrupt control status register) 


Figure 38. NMI and DMA interaction 


4.8 DMA Halt and NMI 


Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended after the end 
of the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see section 
7.3.1). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 38. After the 
NMtI has been serviced, the DHLT bit should be cleared 
by the programmer, and DMA activity will resume ex- 
actly where it left off, i.e., none of the DMA registers 
will have been modified. The DMA Halt bit is not auto- 
matically reset after the NMI has been serviced. It is 
automatically reset by the IRET instruction. This DMA 
halt bit may also be set by the programmer to prevent 
DMA activity during any critical section of code. 


4.9 Example DMA interfaces 


4.9.1 8272 FLOPPY DISK INTERFACE 


An example DMA Interface to the 8272 Floppy Disk 
Controller is shown in Figure 39. This shows how a typi- 
cal DMA device can be interfaced to the 80186. An ex- 
ample floppy disk software driver for this interface is 
given in Appendix C. 
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The data lines of the 8272 are connected, through buff- 
ers, to the 80186 ADO-AD7 lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
driven address information after a read from the 8272 
(see section 3.1.3). 


DMA acknowledge for the 8272 is driven by an address 
decode within the region assigned to PCS2. If 
PCS2 is assigned to be active between I/O locations 
0SOOH and 057FH, then an access to I/O location 
0500H will enable only the chip select, while an access to 
I/O location 0510H will enable both the chip select and 
the DMA acknowledge. Remember, ALE must be fac- 
tored into the DACK generation logic because addresses 
are not guaranteed stable when the chip selects become 
active. If ALE were not used, the DACK generation cir- 
cuitry could glitch as address output changed state while 
the chip select was active. 


Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to ter- 
minate an 8272 command before the command has com- 
pleted execution. Thus, the TC input to the 8272 is 


software driven in this case. Another method of driving — 


the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
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Figure 39. Example 8272/80186 DMA Interface 


put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 


The above discussion assumed that a single 80186 
PCS line is free to generate all 8272 select signals. If 
more than one chip select is free, however, different 
80186 generated PCS lines could be used for each 
function. For example, PCS2 could be used to select 
the 8272, PCS3 could be used to drive the DACK line 


of the 8272, etc. 


DMA requests are delayed by two clock periods in going 
from the 8272 to the 80186. This is required by the 8272 
trar (time from DMA request to DMA RD going ac- 
tive) spec of 800ns min. This requires 6.4 80186 CPU 


clock cycles (at 8 MHz), well beyond the 5 minimum 
provided by the 80186 (4 clock cycles to the beginning of 
the DMA bus cycle, 5 to the beginning of T, of the DMA 
bus cycle where RD will go active). The two flip-flops 
add two complete CPU clock cycles to this response 
time. 


DMA request will go away 200ns after DACK is pre- 
sented to the 8272. During a DMA write cycle (i.e., a 
destination synchronized transfer), this is not soon 
enough to prevent the immediate generation of another 
DMaA transfer if no wait states are inserted in the depos- 
it cycle to the 8272. Therefore, at least 1 wait state is re- 


_ quired by this interface, regardless of the data access 


parameters of the 8272. 
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4.9.2 8274 SERIAL 
COMMUNICATION INTERFACE 


An example 8274 synchronous/asynchronous serial 
chip/80186 DMA interface is shown in Figure 40. The 
8274 interface is even simpler than the 8272 interface, 
since it does not require the generation of a DMA ac- 
knowledge signal, and the 8274 does not require the 
length of time between a DMA request and the DMA 
read or write cycle that the 8272 does. An example serial 
driver using the 8274 in DMA mode with the 80186 is 
given in Appendix C. 


8286 


DATA DBO- DB7 
BUFFER 


Figure 40. Example 8274/80186 DMA interface 


The data lines of the 8274 are connected through buffers 
to the 80186 ADO-AD7 lines. Again, these are required 
not because of bus drive problems, but because the 8274 
will not float its drivers before the 80186 will begin driv- 
ing address information on its address /data bus. If both 
the 8274 and the 8272 are included in the same 80186 
system, they could share the same data bus buffer (as 
could any other peripheral devices in the system). 


The 8274 does not require a DMA acknowledge signal. 
The first read from or write to the data register of the 
8274 after the 8274 generates the DMA request signal 
will clear the DMA request. The time between when the 
control signal (RD or WR) becomes active and 
when the 8274 will drop its DMA request during a 
DMA write is 150ns, which will require at least one wait 
state be inserted into the DMA write cycle for proper op- 
eration of the interface. 


3-289 AFN-210972 


5. TIMER UNIT INTERFACING 


The 80186 includes a timer unit which provides three in-- 
dependent 16-bit timers. These timers operate indepen- 


dently of the CPU. Two of these have input and output 
pins allowing counting of external events and generation 
of arbitrary waveforms. The third timer can be used as a 
timer, as a prescaler for the other two timers, or as a 
DMA request source. 


5.1 Timer Operation 


The internal timer unit on the 80186 could be modeled 
by a single counter element, time multiplexed to three 
register banks, each of which contains different control 
and count values. These register banks are, in turn, dual 
ported between the counter element and the 80186 CPU 


(see Figure 41). Figure 42 shows the timer element se- | 
quencing, and the subsequent constraints on input and — 
output signals. If the CPU modifies one of the timer reg- - 


isters, this change will affect the counter element the 


next time that register is presented to the counter ele- _ | 


ment. There is no connection between the sequencing of 
the counter element through the timer register banks 
and the Bus Interface Unit’s sequencing through T- 
states. Timer operation and bus interface Sets a are 
completely asynchronous. 


5.2 Timer Registers 


Each timer is controlled by a block of registers (see Fig- 
ure 43). Each of these registers can be read or written 
whether or not the timer is operating. All processor ac- 


cesses to these registers are synchronized to all counter: 


element accesses to these registers, meaning that one 
will never read a count register in which only half of the 
bits have been modified. Because of this synchroniza- 
tion, one wait state is adtomatically inserted into any ac- 
cess to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer’s counter element from accessing the timer 
registers. 


Each timer has a 16- bit c count register. This register is 


incremented for each timer event. A timer event can bea 


low-to-high transition on the external pin (for timers 0 
and 1), a CPU clock transition (divided by 4 because of 
the counter element multiplexing), or a time out of timer 
2 (for timers 0 and 1). Because the count register is 16 
bits wide, up to 65536 (2!°) timer events can be counted 
by a single timer/counter. This register can be both read 
or written whether the timer is or is not operating. 


Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register will be reset to zero, 
that is, the maximum count value will never be stored in 
the count register. This maximum count value may be 
written while the timer is operating. A maximum count 
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Figure 41. 80186 Timer Model 
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Figure 43. 80186 Timer Register Layout 


value of 0 implies a maximum count of 65536, a maxi- 
mum count value of 1 implies a maximum count of 1, 
etc. The user should be aware that only equivalence be- 
tween the count value and the maximum count register 
value is checked, that is, the count value will not be 
cleared if the value in the count register is greater than 
the value in the maximum count register. This could only 
occur by programmer intervention, either by setting the 
value in the count register greater than the value in the 
maximum count register, or by setting the value in the 
maximum count register to be less than the value in the 
count register. If this is programmed, the timer will 


count to the maximum possible count (FFFFH), incre- — 


ment to 0, then count up to the value in the maximum 
count register. The TC bit in the timer control register 
will not be set when the counter overflows to 0, nor will 
an interrupt be generated from the timer unit. 


Timers 0 and 1 each contain an additional maximum 
count register. When both maximum count registers are 
used, the timer will first count up to the value in maxi- 
mum count register A, reset to zero, count up to the val- 
ue in maximum count register B, and reset to zero again. 
The ALTernate bit in the timer control register deter- 
mines whether one or both maximum count registers are 
used. If this bit is low, only maximum count register A is 
used; maximum count register B is ignored. If it is high, 
both maximum count register A and maximum count 
register B are used. The RIU (register in use) bit in the 
timer control register indicates which maximum count 
register is currently being used. This bit is 0 when maxi- 
mum count register A is being used, 1 when maximum 
count register B is being used. This RIU bit is read only. 
It is unaffected by any write to the timer control register. 
It will always be read 0 in single maximum count regis- 
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ter mode (since only maximum count register A will be 
used). 


Each timer can generate an interrupt whenever the tim- _ 


er count value reaches a maximum count value. That is, 
an interrupt can be generated whenever the value in 
maximum count register A is reached, and whenever the 
value in maximum count register B is reached. In addi- 
tion, the MC (maximum count) bit in the timer control 
register is set whenever the timer count reaches a maxi- 
mum count value. This bit is never automatically 
cleared, i.e., programmer intervention is.required to 
clear this bit. If a timer generates a second interrupt re- 
quest before the first interrupt request has been ser- 
viced, the first interrupt request to the CPU will be lost. 


Each timer has an ENable bit in the timer control regis- . 
ter. This bit is used to enable the timer to count. The tim- 
er will count timer events only when this bit is set. Any 
timer events occurring when this bit is reset are ignored. 
Any write to the timer control register will modify the 
ENable bit only if the INHibit bit is also set. The timer 
ENable bit will not be modified by a write to the timer 
control register if the INHibit bit is not set. The INHibit 
bit in the timer control register allows selective updating 
of the timer ENable bit. The value of the INHibit bit is 
not stored in a write to the timer control register; it will 
always be read asa 1. 


Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cycle. 
If a single maximum count register is used, the end of a 


timing cycle occurs when the count value resets to zero 


after reaching the value in maximum count register A. If 
dual maximum count registers are used, the end of a 
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timing cycle occurs when the count value resets to zero 
after reaching the value in maximum count register B. If 
the CONTinuous bit is set, the ENable bit in the timer 
control register will never be automatically reset. Thus, 


_ after each timing cycle, another timing cycle will auto- 


matically begin. For example, in single maximum count 
register mode, the timer will count up to the value in 
maximum count register A, reset to zero, count up to the 
value in maximum count register A, reset to zero, ad in- 
finitum. In dual maximum count register mode, the tim- 
er will count up the the value in maximum count register 
A, reset to zero, count up the value in maximum count 
register B, reset to zero, count up to the value in maxi- 
mum count register A, reset to zero, et cetera. 


5.3 Timer Events 


Each timer counts timer events. All timers can use a 
transition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value will 
be incremented every fourth CPU clock. For timer 2, 
this is the only timer event which can be used. For timers 
0 and 1, this event is selected by clearing the EXTernal 
and Prescaler bits in the timer control register. 


Timers 0 and | can use timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever timer 2 resets to zero having reached its 
own maximum count. Note that timer 2 must be initial- 
ized and running for the other timer’s value to be 
incremented. 


Timers 0 and 1 can also be programmed to count low-to- 
high transitions on the external input pin. Each transi- 
tion on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, and 
may, therefore, be asynchronous (see Appendix B for in- 
formation on 80186 synchronizers). The timer counts 
transitions on the input pin: the input value must go low, 


_ then go high to cause the timer to increment. Any transi- 


tion on this line is latched. If a transition occurs when a 
timer is not being serviced by the counter element, the 
transition on the input line will be remembered so that 
when the timer does get serviced, the input transition 
will be counted. Because of the counter element multi- 
plexing, the maximum rate at which the timer can count 
is 1/4 of the CPU clock rate (2 MHz with an 8 MHz 
CPU clock). 


5.4 Timer Input Pin Operation 


Timers 0 and | each have individual timer input pins. 
All low-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter element 
when the particular timer is being serviced by the 
counter element. 


Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 
used is determined by the EXTernal and RTG (retrig- 
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ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the timer 
count value to increment if the timer is enabled (the EN- 
able bit in the timer control register is set). Thus, the 
timer counts external events. If the EXTernal bit is 
cleared, all timer increments are caused by either the 
CPU clock or by timer 2 timing out. In this mode, the 
RTG bit determines whether the input pin will enable 
timer operation, or whether it will retrigger timer 
operation. 


If the EXTernal bit is low and the RTG bit is also low, 
the timer will count internal timer events only when the 
timer input pin is high and the ENable bit in the timer 
control register is set. Note that in this mode, the pin is 
level sensitive, not edge sensitive. A low-to-high transi- 
tion on the timer input pin is not required to enable timer 
operation. If the input is tied high, the timer will be con- 
tinually enabled. The timer enable input signal is com- 
pletely independent of the ENable bit in the timer 
control register: both must be high for the timer to 
count. Example uses for the timer in this mode would be 
a real time clock or a baud rate generator. 


If the EXTernal bit is low and the RTG bit is high, the 
timer will act as a digital one-shot. In this mode, every 
low-to-high transition on the timer input pin will cause 
the timer to reset to zero. If the timer is enabled (i.e., the 
ENable bit in the timer control register is set) timer op- 
eration will begin (the timer will count CPU clock tran- 
sitions or timer 2 timeouts). Timer operation will cease 
at the end of a timer cycle, that is, when the value in the 
maximum count register A is reached and the timer 
count value resets to zero (in single maximum count reg- 
ister mode, remember that the maximum count value is 
never stored in the timer count register) or when the val- 
ue in maximum count register B is reached and the timer 
count value resets to zero (in dual maximum count regis- 
ter mode). If another low-to-high transition occurs on 
the input pin before the end of the timer cycle, the timer 
will reset to zero and begin the timing cycle again re- 
gardless of the state of the CONTinuous bit in the timer 
control register the RIU bit will not be changed by the 
input transition. If the CONTinuous bit in the timer 
control register is cleared, the timer ENable bit will 
automatically be cleared at the end of the timer cycle. 
This means that any additional transitions on the input 
pin will be ignored by the timer. If the CONTinuous bit 
in the timer control register is set, the timer will reset to 
zero and begin another timing cycle for every low-to- 
high transition on the input pin, regardless of whether 
the timer had reached the end of a timer cycle, because 
the timer ENable bit would not have been cleared at the 
end of the timing cycle. The timer will also continue 
counting at the end of a timer cycle, whether or not an- 
other transition has occurred on the input pin. An exam- 
ple use of the timer in this mode is an alarm clock time 
out signal or interrupt. 
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5.5 Timer Output Pin Operation 


Timers 0 and | each contain a single timer output pin. 
This pin can perform two functions at programmer op- 


“tion. The first is a single pulse indicating the end of a 


timing cycle. The second is a level indicating the maxi- 
mum count register currently being used. The timer out- 
puts operate as outlined below whether internal or 
external clocking of the timer is used. If external clock- 
ing is used, however, the user should remember that the 
time between an external transition on the timer input 
pin and the time this transition is reflected in the timer 
out pin will vary depending on when the input transition 
occurs relative to the timer’s being serviced by the 
counter element. 


When the timer is in single maximum count register 
mode (the ALTernate bit in the timer control register is 
cleared) the timer output pin will go low for a single 
CPU clock the clock after the timer is serviced by the 
counter element where maximum count is reached (see 
Figure 44). This mode is useful when using the timer as 


TIMER 0 SERVICED 
eseomn aes morte ae 


MAX COUNT — 1 


a baud rate generator. 


When the timer is programmed in dual maximum count 
register mode (the ALTernate bit in the timer control 
register is set), the timer output pin indicates which 
maximum count register is being used. It is low if maxi- 
mum count register B is being used for the current 
count, high if maximum count register A is being used. 
If the timer is programmed in continuous mode (the 
CONTinuous bit in the timer control register is set), this 
pin could generate a waveform of any duty cycle. For ex- 
ample, if maximum count register A contained 10 and 
maximum count register B contained 20, a 33% duty cy- 
cle waveform would be generated. 


5.6 Sample 80186 Timer Applications 


The 80186 timers can be used for almost any application 


for which a discrete timer circuit would be used. These 
include real time clocks, baud rate generators, or event — 


counters. 


Figure 44. 80186 Timer Out Signal 


Figure 45. 80186 Real Time Clock 


3-293 


TxC ) SERIAL 
CONTROLLER 


R,C 


Figure 46. 80186 Baud Rate Generator 
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ee we 5.6.1 80186 TIMER REAL TIME CLOCK 


pat The sample program in appendix D shows the 80186 

, eae timer being used with the 80186 CPU to form a real 

ars time clock. In this implementation, timer 2 is pro- 

grammed to provide an interrupt to the CPU every milli- 

second. The CPU then increments memory based clock 
variables. 


6.2. 80186 TIMER BAUD RATE GENERATOR 


The 80186 timers can also be used as baud rate gener- 
ators for serial communication controllers (e.g., the 
8274). Figure 46 shows this simple connection, and the 
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Figure 47. 


code to program the timer as a baud rate generator is in- 
cluded in appendix D. 


5.6.3 80186 TIMER EVENT COUNTER 


The 80186 timer can be used to count events. Figure 47 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, i.e., each 
interruption in the light source will cause the timer 
count value to increase. The code to set up the 80186 
timer in this mode is included in appendix D. 
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Figure 48. 80186 Interrupt Controller Block Diagram 
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6. 80186 INTERRUPT CONTROLLER 
INTERFACING | 


The 80186 contains an integrated interrupt controller. 
This unit performs tasks of the interrupt controller in a 
typical system. These include synchronization of inter- 
rupt requests, priortization of interrupt requests, and re- 
quest type vectoring in response to a CPU interrupt 
acknowledge. It can be a master to two external 8259A 
interrupt controllers or can be a slave to an external in- 
terrupt controller to allow compatibility with the iRMX 
86 operating system, and the 80130/80150 operating 
system firmware chips. 


6.1. Interrupt Controller Model 


The integrated interrupt controller block diagram is 
shown in Figure 48. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the programmed mode of the interrupt con- 
troller. Like the other 80186 integrated peripheral regis- 
ters, the interrupt controller registers are available for 
CPU reading or writing at any time. 


6.2 Interrupt Controller Operation 


The interrupt controller operates in two major modes, 
non-iIRMX 86 mode (referred to henceforth as master 
mode), and iRMX 86 mode. In master mode the inte- 
grated controller acts as the master interrupt controller 
for the system, while in iRMX 86 mode the controller 


MASTER MODE 
INT3 CONTROL REGISTER 


OFFSET ADDRESS 


operates as a slave to an external interrupt controller 
which operates as the master interrupt controller for the 
system. Some of the interrupt controller registers and in- 
terrupt controller pins change definition between these 
two modes, but the basic charter and function of the in- 
terrupt controller remains fundamentally the same. The 
difference is when in master mode, the interrupt control- 
ler presents its interrupt input directly to the 80186 
CPU, while in iRMX 86 mode the interrupt controller 
presents its interrupt input to an external controller 
(which then presents its interrupt input to the 80186 
CPU). Placing the interrupt controller in iRMX 86 


mode is done by setting the iRMX mode bit in the pe- 


ripheral control block pointer (see appendix A). 


6.3 Interrupt Controller Registers 


The interrupt controller has a number of registers which 
are used to control its operation (see Figure 49). Some of 
these change their function between the two major 
modes of the interrupt controller (master and iRMX 86 
mode). The differences are indicated in the following 
section. If not indicated, the function and implementa- 
tion of the registers is the same in the two basic modes of 
operation of the interrupt controller. The method of in- 
teraction among the various interrupt controller regis- 
ters is shown in the flowcharts in Figures 57 and 58. 


6.3.1 CONTROL REGISTERS 


Each source of interrupt to the 80186 has a control regis- 
ter in the internal controller. These registers contain 


RMX86™ Mode 


INTERRUPT VECTOR REGISTER 


1. Unsupported in this mode: values written may or may not be stored 


Figure 49. 80186 Interrupt Controller Registers 
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Figure 50. Interrupt Controller Control Register 
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Figure 51. 80186 Interrupt Controller In-Service, Interrupt Request and Mask Register Format 


three bits which select one of eight different interrupt 
priority levels for the interrupt device (0 is highest prior- 
ity, 7 is lowest priority), and a mask bit to enable the in- 
terrupt (see Figure 50). When the mask bit is low, the 
interrupt is enabled, when it is high, the interrupt is 


_ masked. 


There are seven control registers in the 80186 integrated 
interrupt controller. In master mode, four of these serve 
the external interrupt inputs, one each for the two DMA 


channels, and one for the collective timer interrupts. In 


iRMX 86 mode, the external interrupt inputs are not 
used, so each timer can have its own individual control 
register. 


6.3.2 REQUEST REGISTER 


The interrupt controller includes an interrupt request 
register (see Figure 51). This register contains seven ac- 
tive bits, one for each interrupt control register. When- 
ever an interrupt request is made by the interrupt source 
associated with a specific control register, the bit in in- 
terrupt request register is set, regardless if the interrupt 
is enabled, or if it is of sufficient priority to cause a pro- 
cessor interrupt. The bits in this register which are asso- 
ciated with integrated peripheral devices (the DMA and 
timer units) can be read or written, while the bits in this 
register which are associated with the external interrupt 
pins can only be read (values written to them are not 
stored). These interrupt request bits are automatically 
cleared when the interrupt is acknowledged. 


6.3.3 MASK REGISTER AND PRIORITY 
MASK REGISTER 


The interrupt controller contains a mask register (see 
Figure 51). This register contains a mask bit for each in- 
terrupt source associated with an interrupt control regis- 
ter. The bit for an interrupt source in the mask register is 
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identically the same bit as is provided in the interrupt 
control register: modifying a mask bit in the control reg- 
ister will also modify it in the mask register, and vice 
versa. 


The interrupt controller also contains a priority mask 
register (see Figure 52). This register contains three bits 
which indicate the priority of the current interrupt being 
serviced. When an interrupt is acknowledged (either by 
the processor running the interrupt acknowledge or by 
the processor reading the interrupt poll register, see be- 
low), these bits are set to the priority of the device whose 
interrupt is being acknowledged (which will never be 
lower than the previous priority programmed into these 
bits). They prevent any interrupt of lower priority (as set 
by the priority bits in the interrupt control registers for 
interrupt sources) from interrupting the processor. 
These bits are automatically set to the priority of the 
next lowest interrupt when the End Of Interrupt is is- 
sued by the CPU to the interrupt controller (or all 1’s if 
there is no interrupt pending, meaning that interrupts of 
all priority levels are enabled). This register may be read 
or written. 


Figure 52. 80186 Interrupt Controller Priority 
Mask Register Format 


6.3.4 IN-SERVICE REGISTER 


~The interrupt controller contains an in-service register 


(see Figure 51). A bit in the in-service register is associ- 
ated with each interrupt control register so that when an 
interrupt request by the device associated with the con- 
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trol register is acknowledged by the processor (either by 
the processor running the interrupt acknowledge or by 
the processor reading the interrupt poll register) the bit 
is set. The bit is reset when the CPU issues an End Of 
Interrupt to the interrupt controller. This register may 
be both read and written, i.e., the CPU may set in-ser- 
vice bits without an interrupt ever occurring, or may re- 
set them without using the EOI function of the interrupt 
controller. 


6.3.5 POLL AND POLL STATUS REGISTERS 


The interrupt controller contains both a poll register and 
a poll status register (see Figure 53). Both of these regis- 
ters contain the same information. They have a single bit 
to indicate an interrupt is pending. This bit is set if an 
interrupt of sufficient priority has been received. It is 
automatically cleared when the interrupt is acknowl- 
edged. If (and only if) an interrupt is pending, they also 
contain information as to the interrupt type of the high- 
est priority interrupt pending. 


15 = 
ma XX x x | 84] 0/82] 81] 20} 


$0-S4 = interrupt type 


Figure 53. 80186 Poll & Poll Status 
Register Format 


Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proces- 
sor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 


MASTER MODE 


a RE $0-S4 = interrupt type 


any interrupt acknowledge cycles, and will not vector 


through a location in the interrupt vector table. Only the © | 


interrupt request, in-service and priority mask registers 
in the interrupt controller are set appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other inter- 
rupt controller registers. These registers are read only: 
data written to them is not stored. These registers are 


not supported in iRMX 86 mode. The state of the bits in © 


these registers in iRMX 86 mode is not defined. Howev- 
er, accessing the poll register location when in iRMX 86 
mode will cause the interrupt controller to “acknowl- 
edge”’ the interrupt (i.e., the in-service bit and priority 
level mask register bits will be set). . 


/ 


6.3.6 END OF INTERRUPT REGISTER 


The interrupt controller contains an End Of Interrupt 


register (see Figure 54). The programmer issues an End 
Of Interrupt to the controller by writing to this register. 


After receiving the End Of Interrupt, the interrupt con- 


troller automatically resets the in-service bit for the in- 
terrupt and the priority mask register bits. The value of 
the word written to this register determines whether the 
End Of Interrupt is specific or non-specific. A non-spe- 
cific End Of Interrupt is specified by setting the non- 
specific bit in the word written to the End Of Interrupt 
register. In a non-specific End Of Interrupt, the in-ser- 
vice bit of the highest priority interrupt set is automati- 
cally cleared, while a specific End Of Interrupt allows 
the in-service bit cleared to be explicitly specified. The 
in-service bit is reset whether the bit was set by an inter- 
rupt acknowledge or if it was set by the CPU writing the 
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Figure 54. 80186 End of Interrupt Register Format 


Figure 55. 80186 Interrupt Status Register Format 
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Figure 56. 80186 Interrupt Vector Register Format (iRMX 86 inode only) 
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bit directly to the in-service register. If the highest prior- 
ity interrupt is reset, the priority mask register bits will 
_ change to reflect the next lowest priority interrupt to be 
serviced. If a less than highest priority interrupt in-ser- 
vice bit is reset, the priority mask register bits will not be 
modified (because the highest priority interrupt being 
serviced has not changed). Only the specific EOI is sup- 
ported in iRMX 86 mode. This register is write only: 
data written is not stored and cannot be read back. 


6.3.7 INTERRUPT STATUS REGISTER 


The interrupt controller also contains an interrupt status 
register (see Figure 55). This register contains four sig- 
nificant bits. There are three bits used to show which 
timer is causing an interrupt. This is required because in 
master mode, the timers share a single interrupt control 
register. A bit in this register is set to indicate which tim- 
er has generated an interrupt. The bit associated with a 
timer is automatically cleared after the interrupt re- 
quest for the timer is acknowledged. More than one of 
these bits may be set at a time. The fourth bit in the in- 
terrupt status register is the DMA halt bit. When set, 
this bit prevents any DMA activity. It is automatically 
set whenever a NMI is received by the interrupt control- 
ler. It can also be set explicitly by the programmer. This 
bit is automatically cleared whenever the IRET instruc- 
tion is executed. All significant bits in this register are 
read/write. 


6.3.8 INTERRUPT VECTOR REGISTER 


Finally, in iRMX 86 mode only, the interrupt controller 
contains an interrupt vector register (see Figure 56). 
This register is used to specify the 5 most significant bits 
of the interrupt type vector placed on the CPU bus in re- 
sponse to an interrupt acknowledgement (the lower 3 
significant bits of the interrupt type are determined by 
the priority level of the device causing the interrupt in 
iRMX 86 mode). 


6.4 Interrupt Sources 


The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Each interrupt source may be pro- 
grammed to be a different priority level in the interrupt 
controller. An interrupt request generation flow chart is 
shown in Figure 57. Such a flowchart would be followed 
independently by each interrupt source. 


6.4.1 INTERNAL INTERRUPT SOURCES 


The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt from each of these 
interrupt sources is latched in the interrupt controller, so 
that if the condition causing the interrupt is cleared in 
the originating integrated peripheral device, the inter- 
rupt request will remain pending in the interrupt con- 
troller. The state of the pending interrupt can be 
obtained by reading the interrupt request register of the 
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interrupt controller. For all internal interrupts, the 
latched interrupt request can be reset by the processor 
by writing to the interrupt request register. Note that all 
timers share a common bit in the interrupt request regis- 
ter in master mode. The interrupt controller status regis- 
ter may be read to determine which timer is actually 
causing the interrupt request in this mode. Each timer 


_ has a unique interrupt vector (see section 6.5.1). Thus 


polling is not required to determine which timer has 
caused the interrupt in the interrupt service routine. 
Also, because the timers share a common interrupt con- 
trol register, they are placed at a common priority level 
as referenced to all other interrupt devices. Among 


_ themselves they have a fixed priority, with timer 0 as the 


highest priority timer and timer 2 as the lowest priority 
timer. : 


6.4.2 EXTERNAL INTERRUPT SOURCES 


The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in master 
mode. In this mode, the external pins associated with the 
interrupt controller may serve either as direct interrupt 
inputs, or as cascaded interrupt inputs from other inter- 
rupt controllers as a programmed option. These options 
are selected by programming the C and SFNM bits in 
the INTO and INT1 control registers (see Figure 50). 


When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual in- 
terrupt control register. As stated earlier, these registers 
contain 3 bits which select the priority level for the inter- 
rupt and a single bit which enables the interrupt source 
to the processor. In addition each of these control regis- 
ters contains a bit which selects either edge or level trig- 
gered mode for the interrupt input. When edge triggered 
mode is selected, a low-to-high transition must occur on 
the interrupt input before an interrupt is generated, 
while in level triggered mode, only a high level needs to 
be maintained to generate an interrupt. In edge trig- 
gered mode, the input must remain low at least 1 clock 
cycle before the input is “re-armed.” In both modes, the 
interrupt level must remain high until the interrupt is 
acknowledged, i.e., the interrupt request is not latched 
in the interrupt controller. The status of the interrupt in- 
put can be shown by reading the interrupt request regis- 
ter. Each of the external pins has a bit in this register 
which indicates an-interrupt request on the particular 
pin. Note that since interrupt requests on these inputs 
are not latched by the interrupt controller, if the external 
input goes inactive, the interrupt request (and also the 
bit in the interrupt request register) will also go inactive 
(low). Also, if the interrupt input is in edge triggered 
mode, a low-to-high transition on the input pin must oc- 
cur before the interrupt request bit will be set in the in- 
terrupt request register. 


If the C (Cascade) bit of the INTO or INT1 control reg- 
isters are set, the interrupt input is cascaded to an exter- 
nal interrupt controller. In this mode, whenever the 
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Figure 57. 80186 Interrupt Request Sequencing 


interrupt presented to the INTO or INT1 line is ac- 
knowledged, the integrated interrupt controller will not 
provide the interrupt type for the interrupt. Instead, two 
INTA bus cycles will be run, with the INT2 and INT3 
lines providing the interrupt acknowledge pulses for the 
INTO and the INT1 interrupt requests respectively. IN- 
TO/INT2 and INT1/INT3 may be individually pro- 
grammed into cascade mode. This allows 128 
individually vectored interrupt sources if two banks of 9 
external interrupt controllers each are used. 


6.4.3 iRMX™ 86 MODE INTERRUPT SOURCES 


When the interrupt controller is configured in iRMX 86 
mode, the integrated interrupt controller accepts inter- 


rupt requests only from the integrated peripherals. Any 
external interrupt requests must go through an external 
interrupt controller. This external interrupt controller 
requests interrupt service directly from the 80186 CPU 
through the INTO line on the 80186, In this mode, the 
function of this line is not affected by the integrated in- 
terrupt controller. In addition, in iRMX 86 mode the in- 
tegrated interrupt controller must request interrupt 
service through this external interrupt controller. This 
interrupt request is made on the INT3 line (see section 
6.7.4 on external interrupt connections). 


6.5 Interrupt Response 


The 80186 can respond to an interrupt in two different 
ways. The first will occur if the internal controller is pro- 
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Figure 58. 80186 Interrupt Acknowledge Sequencing 


viding the interrupt vector information with the control- 
ler in master mode. The second will occur if the CPU 
reads interrupt type information from an external inter- 
rupt controller or if the interrupt controller is in iRMX 
86 mode. In both of these instances the interrupt vector 
information driven by the 80186 integrated interrupt 
controller is not available outside the 80186 
microprocessor. 


In each interrupt mode, when the integrated interrupt 
controller receives an interrupt response, the interrupt 
controller will automatically set the in-service bit and 
the priority mask bits and reset the interrupt request bit 
in the integrated controller. The priority mask bits will 
prevent the controller from generating any further inter- 
rupts to the CPU from sources of lower priority until the 
higher priority interrupt service routine has run. In ad- 
dition, unless the interrupt control register for the inter- 
rupt is set in Special Fully Nested Mode, the interrupt 
controller will prevent any interrupts from occurring 
from the same interrupt line until the in-service bit for 
that line has been cleared. 


6.5.1 INTERNAL VECTORING, MASTER MODE 


In master mode, the interrupt types associated with all 


the interrupt sources are fixed and unalterable. These 


interrupt types are given in Table S. In response to an in- 
ternal CPU interrupt acknowledge the interrupt con- 
troller will generate the vector address rather than the 
interrupt type. On the 80186 (like the 8086) the inter- 
rupt vector address is the interrupt type multiplied by 4. 
This speeds interrupt response. 


In master mode, the integrated interrupt controller is 
the master interrupt controller of the system. As a re- 
sult, no external interrupt controller need know when 
the integrated controller is providing an interrupt vector, 
nor when the interrupt acknowledge is taking place. Asa 
result, no interrupt acknowledge bus cycles will be gen- 
erated. The first external indication that an interrupt 
has been acknowledged will be the processor reading the 
interrupt vector from the interrupt vector table in low 


_ memory. 


3-300 


AFN-210973 . 


Table 5. 80186 Interrupt Vector Types 


interrupt Vector Default 
Name Type Priority 


timer 0 
timer | 
timer 2 
DMA 0 
DMA 1 
INT 0 
INT 1 
INT 2 
INT 3 


Because the two interrupt acknowledge cycles are not 
run, and the interrupt vector address does not need be be 
calculated, interrupt response to an internally vectored 
interrupt is 42 clock cycles, which is faster then the in- 
terrupt response when external vectoring is required, or 
if the interrupt controller is run in iRMX 86 mode. 


If two interrupts of the same programmed priority occur, 
the default priority scheme (as shown in table 5) is used. 


INTERRUPT ACKNOWLEDGE 


; 


1. SLAVE SELECT = INT1 

2. INTA = INT2 

3. Driven by external interrupt controller 

4. SLAVE SELECT must be driven before Phase 2 of T, of the second INTA 
cycle 

5. SLAVE SELECT read by 80186 


6.5.2 INTERNAL VECTORING, iRMX™ 86 MODE 


In iRMX 86 mode, the interrupt types associated with — 


the various interrupt sources are alterable. The upper 5 


most significant bits are taken from the interrupt vector — 


register, and the lower 3 significant bits are taken from 


the priority level of the device causing the interrupt. Be- 


cause the interrupt type, rather than the interrupt vector 
address, is given by the interrupt controller in this mode 
the interrupt vector address must be calculated by the 
CPU before servicing the interrupt. : 


In iRMX 86 mode, the integrated interrupt controller 


will present the interrupt type to the CPU in response to’ 


the two interrupt acknowledge bus cycles run by the pro- 
cessor. During the first interrupt acknowledge cycle, the 
external master interrupt controller determines which 
slave interrupt controller will be allowed to place its in- 
terrupt vector on the microprocessor bus. During the 
second interrupt acknowledge cycle, the processor reads 
the interrupt vector from its bus. Thus, these two inter- 
rupt acknowledge cycles must be run, since the integrat- 
ed controller will present the interrupt type information 
only when the external interrupt controller signals the 
integrated controller that it has the highest pending in- 
terrupt request (see Figure 59). The 80186 samples the 
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Figure 59. 80186 iRMX-86 Mode Interrupt Acknowledge Timing 
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Figure 60. 80186 Cascaded Interrupt Acknowledge Timing 


SLAVE SELECT line during the falling edge of the 
clock at the beginning of T, of the second interrupt ac- 
knowledge cycle. This input must be stable 20ns before 
and 10ns after this edge. 


These two interrupt acknowledge cycles will be run back 
to back, and will be LOCKED with the LOCK output 
active (meaning that DMA requests and HOLD re- 
quests will not be honored until both cycles have been 
run). Note that the two interrupt acknowledge cycles 
will always be separated by two idle T states, and that 
wait states will be inserted into the interrupt acknowl- 
edge cycle if a ready is not returned by the processor bus 
interface. The two idle T states are inserted to allow 
compatibility with the timing requirements of an exter- 
nal 8259A interrupt controller. 


Because the interrupt acknowledge cycles must be run in 
iRMX 86 mode, even for internally generated vectors, 
and the integrated controller presents an interrupt type 
rather than a vector address, the interrupt response time 
here is the same as if an externally vectored interrupt 
was required, namely 55 CPU clocks. 


6.5.3 EXTERNAL VECTORING 


External interrupt vectoring occurs whenever the 80186 
interrupt controller is placed in cascade mode, special 
fully nested mode, or iRMX 86 mode (and the integrat- 
ed controller is not enabled by the external master inter- 
rupt controller). In this mode, the 80186 generates two 
interrupt acknowledge cycles, reading the interrupt type 
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off the lower 8 bits of the address /data bus on the second 
interrupt acknowledge cycle (see Figure 60). This inter- 
rupt response is exactly the same as the 8086, so that the 
8259A interrupt controller can be used exactly as it 
would in an 8086 system. Notice that the two interrupt 
acknowledge cycles are LOCKED, and that two idle T- 
states are always inserted between the two interrupt ac- 
knowledge bus cycles, and that wait states will be 
inserted in the interrupt acknowledge cycle if a ready is 
not returned to the processor. Also notice that the 80186 
provides two interrupt acknowledge signals, one for in- 
terrupts signaled by the INTO line, and one for inter- 
rupts signaled by the INT1 line (on the INT2/INTAO 
and INT3/INTA1 lines, respectively). These two inter- 
rupt acknowledge signals are mutually exclusive. Inter- 
rupt acknowledge status will be driven on the status lines 
(SO-S2) when either INT2/INTAO or INT3/ 
INTA|] signal an interrupt acknowledge. 


6.6 Interrupt Controller External 
Connections 


The four interrupt signals can be programmably config- 
ured into 3 major options. These are direct interrupt in- 
puts (with the integrated controller providing the 
interrupt vector), cascaded (with an external interrupt 
controller providing the interrupt vector), or iRMX 86 
mode. In all these modes, any interrupt presented to the 
external lines must remain set until the interrupt is 
acknowledged. 
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6.6.1 DIRECT INPUT MODE 


When the Cascade mode bits are cleared, the interrupt 
input lines are configured as direct interrupt input lines 
(see Figure 61). In this mode an interrupt source (e.g., 
an 8272 floppy disk controller) may be directly connect- 
ed to the interrupt input line. Whenever an interrupt is 
received on the input line, the integrated controller will 
do nothing unless the interrupt is enabled, and it is the 
highest priority pending interrupt. At this time, the in- 
terrupt controller will present the interrupt to the CPU 
and wait for an interrupt acknowledge. When the ac- 
knowledge occurs, it will present the interrupt vector ad- 
dress to the CPU. In this mode, the CPU will not run any 
interrupt acknowledge cycles. 


INTERRUPT 


SOURCES 


80186 Non-Cascaded | 
Interrupt Connection 


Figure 61. 


These lines can be individually programmed in either 
edge or level triggered mode using their respective con- 
trol registers. In edge triggered mode, a low-to-high 
transition must occur before the interrupt will be gener- 
ated to the CPU, while in level triggered mode, only a 
high level must be present on the input for an interrupt 
to be generated. In edge trigger mode, the interrupt in- 
put must also be low for at least 1 CPU clock cycle to 
insure recognition. In both modes, the interrupt input 
must remain active until acknowledged. 


6.6.2 CASCADE MODE 


When the Cascade mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in cas- 
cade mode. In this mode, the interrupt input line is 
paired with an interrupt acknowledge line. The INT2/ 
INTAO and INT3/INTA1 lines are dual purpose; they 
can function as direct input lines, or they can function as 
interrupt acknowledge outputs. INT2/INTAO provides 
the interrupt acknowledge for an INTO input, and 
INT3/INTAI provides the interrupt acknowledge for 
an INT1 input. Figure 62 shows this connection. 


When programmed in this mode, in response to an inter- 
rupt request on the INTO line, the 80186 will provide 
two interrupt acknowledge pulses. These pulses will be 
provided on the INT2/INTAO line, and will also be re- 
flected by interrupt acknowledge status being generated 
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on the S0-S2 status lines. On the second pulse, the inter- 
rupt type will be read in. The 80186 externally vectored 


interrupt response is covered in more detail in section 


6.5. 


Figure 62. 80186 Cascade and Special Fully 
Nested Mode Interface 


INTO/INT2/INTAO and INT1/INT3/INTA1 may be 
individually programmed into interrupt _ re- 
quest /acknowledge pairs, or programmed as direct in- 
puts. This means that INTO/INT2/INTAO may be 
programmed as an interrupt/acknowledge pair, while 
INT1 and INT3/INTA1 each provide separate inter- 
nally vectored interrupt inputs. 


When an interrupt is received on a cascaded interrupt, : 


the priority mask bits and the in-service bits in the par- 
ticular interrupt control register will be set into the in- 
terrupt controller’s mask and priority mask registers. 
This will prevent the controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Also, since the in-service bit is set, any subse- 
quent interrupt requests on the particular interrupt 
input line will not cause the integrated interrupt control- 
ler to generate an interrupt request to the 80186 CPU. 
This means that if the external interrupt controller re- 
ceives a higher priority interrupt request on one of its in- 
terrupt request lines and presents it to the 80186 


interrupt request line, it will not subsequently be pre- 


sented to the 80186 CPU by the integrated interrupt 
controller until the in-service bit for the interrupt line 
has been cleared. 


6.6.3 SPECIAL FULLY NESTED MODE 


When both the Cascade mode bit and the SFNM bit are 
set, the interrupt input lines are configured in Special 
Fully Nested Mode. The external interface in this mode 


is exactly as in Cascade Mode. The only difference is in. 


the conditions allowing an interrupt from the external 
interrupt controller to the integrated interrupt control- 
ler to interrupt the 80186 CPU. 


When an interrupt is received froma special fully nested _ 
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mode interrupt line, it will interrupt the 80186 CPU if it, 
is the highest priority interrupt pending regardless of the 
state of the in-service bit for the interrupt source in the 
interrupt controller. When an interrupt is acknowledged 
from a special fully nested mode interrupt line, the pri- 
ority mask bits and the in-service bits in the particular 
interrupt control register will be set into the interrupt 
controller’s in-service and priority mask registers. This 
will prevent the interrupt controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Unlike cascade mode, however, the interrupt 
controller will not prevent additional interrupt requests 


‘generated by the same external interrupt controller 


from interrupting the 80186 CPU. This means that if 
the external (cascaded) interrupt controller receives a 
higher priority interrupt request on one of its interrupt 


_ request lines and presents it to the integrated control- 


ler’s interrupt request line, it may cause an interrupt to 


_ be generated to the 80186 CPU, regardless of the state 
of the in-service bit for the interrupt line. 


If the SFNM mode bit is set and the Cascade mode bit is 
not also set, the controller will provide internal interrupt 
vectoring. It will also ignore the state of the in-service bit 
in determining whether to present an interrupt request 
to the CPU. In other words, it will use the SFNM condi- 
tions of interrupt generation with an internally vectored 
interrupt response, i.e., if the interrupt pending is the 
highest priority type pending, it will cause a CPU inter- 
rupt regardless of the state of the in-service bit for the 
interrupt. 


6.6.4 iRMX™ 86 MODE | 


When the RMX bit in the peripheral relocation register 
is set, the interrupt controller is set into iRMX 86 mode. 


In this mode, all four interrupt controller input lines are 
used to perform the necessary handshaking with the ex- 
ternal master interrupt controller. Figure 63 shows the 
hardware configuration of the 80186 interrupt lines 
with an external controller in iRMX 86 mode. 


8259A 


CASCADE 
ADDR. 
DECODE 


Figure 63. 80186 iRMX86 Mode Interface 


Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are provided by the INT3/Slave In- 
terrupt Output and INT1/Slave Select lines, respective- 
ly. The external master interrupt controller must be able 
to interrupt the 80186 CPU, and needs to know when the 


interrupt request is acknowledged. The INTO and 


INT2/INTAO lines provide these two functions. 


8259A-2 


INT 


INTA 


DO-D7 


Figure 64. 80186/8259A Interrupt Cascading 
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6.7 Example 8259A/Cascade Mode 
Interface 


Figure 64 shows the 80186 and 8259A in cascade inter- 
rupt mode. The code to initialize the 80186 interrupt 
controller is given in Appendix E. Notice that an “inter- 
rupt ready” signal must be returned to the 80186 to pre- 
vent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of which 
would be configured in slave mode). 


6.8 Example 80130 iRMX™ 86 Mode | 
Interface 


Figure 65 shows the 80186 and 80130 connected in 
iRMX 86 mode. In this mode, the 80130 interrupt con- 
troller is the master interrupt controller of the system. 


80130 
ADO-AD15 


oe 
at se 


The 80186 generates an interrupt request to the 80130 _ 
interrupt controller when one of the 80186 integrated — 


peripherals has created an interrupt condition, and that 


condition is sufficient to generate aninterrupt fromthe _ 
80186 integrated interrupt controller. Note that the 
80130 decodes the interrupt acknowledge status directly — 
from the 80186 status lines; thus, the INT2/INTAO 
line of the 80186 need not be connected to the 80130. » 
Figure 65 uses this interrupt acknowledge signal to en- 


able the cascade address decoder. The 80130 drives the 
cascade address on AD8-AD10 during T, of the second 


interrupt acknowledge cycle. This cascade address is = 


latched into the system address latches, and if the proper 
cascade address is decoded by the 8205 decoder; the 
80186 INT1/SLAVE SELECT line will be driven ac- 
tive, enabling the 80186 integrated interrupt controller 


to place its interrupt vector on the internal bus. The code. 


to configure the 80186 into iRMX 86 mode is Preeenued 
in appendix E. 


6.9 Interrupt Latency 


Interrupt latency time is the time from when the 80186 — 


receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 


AO-A15 
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Figure 65. 80186/80130 iRMX86 Mode Interface 
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time, which is the time from when the processor actually 


begins processing the interrupt to when it actually ex- 


 ecutes the first instruction of the interrupt service rou- 


tine. The factors affecting interrupt latency are the 
instruction being executed and the state of the interrupt 
enable flip-flop. | 


Interrupts will be acknowledged only if the interrupt en- 
able flip-flop in the CPU is set. Thus, interrupt latency 
will be very long indeed if interrupts are never enabled 
by the processor! 


When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted before be- 
ing completed, and those only between their respective 
iterations. This means that the interrupt latency time 
could be as long as 69 CPU clocks, which is the time it 
takes the processor to execute an integer divide instruc- 
tion (with a segment override prefix, see below), the 
longest single instruction on the 80186. 


Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer register 


_ would not have been). Finally, an interrupt will not be 


accepted between the execution of the WAIT instruction 
and the instruction immediately following it if the TEST 
input is active. If the WAIT sees the TEST input in- 
active, however, the interrupt will be accepted, and the 
WAIT will be re-executed after the interrupt return. 
This is required, since the WAIT is used to prevent ex- 
ecution by the 80186 of an 8087 instruction while the 
8087 is busy. 


CRYSTAL 
osc. 


7. CLOCK GENERATOR 


The 80186 includes a clock generator which generates 
the main clock signal for all 80186 integrated compo- 
nents, and all CPU synchronous devices in the 80186 
system. This clock generator includes a crystal oscilla- 
tor, divide by two counter, reset circuitry, and ready gen- 
eration logic. A block diagram of the clock generator is 
shown in Figure 66. 


7.1 Crystal Oscillator 


The 80186 crystal oscillator is a parallel resonant, 
Pierce oscillator. It was designed to be used as shown in 
Figure 67. The capacitor values shown are approximate. 
As the crystal frequency drops, they should be in- 
creased, so that at the 4 MHz minimum crystal frequen- 
cy supported by the 80186 they take on a value of 30pF. 
The output of this oscillator is not directly available out- 
side the 80186. 


Figure 67. 80186 Crystal Connection 


7.2 Using an External Oscillator 


An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the X1 input of the oscillator. X2 should be left 
open. This oscillator input is used to drive an internal di- 
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Figure 66. 80186 Clock Generator Block Diagram 
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Figure 68. 80186 Clock Generator Reset 


vide-by-two counter to generate the CPU clock signal, 
so the external frequency input can be of practically any 
duty cycle, so long as the minimum high and low times 
for the signal (as stated in the data sheet) are met. 


7.3 Clock Generator 


The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gener- 
ates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal will 
change state on the high-to-low transition of the EFI 
signal. 


7.4 Ready Generation 


The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in section 3.1.6. 


7.5 Reset 


The 80186 clock generator also provides a synchronized 
reset signal for the system. This signal is generated from 
the reset input (RES) to the 80186. The clock generator 
synchronizes this signal to the clockout signal. 


The reset input signal also resets the divide-by-two 
counter. A one clock cycle internal clear pulse is gener- 
ated when the RES input signal first goes active. This 
clear pulse goes active beginning on the first low-to-high 
transition of the X1 input after RES goes active, and 
goes inactive on the next low-to-high transition of the X1 
input. In order to insure that the clear pulse is generated 
on the next EFI cycle, the RES input signal must satisfy 
a 25ns setup time to the high-to-low EFI input signal 
(see Figure 68). During this clear, clockout will be high. 
On the next high-to-low transition of X1, clockout will 
go low, and will change state on every subsequent high- 
to-low transition of EFI. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-low transition of 
the clockout signal of the 80186. This signal remains ac- 
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tive as long as the RES input also remains active. After 


the RES input goes inactive, the 80186 will begin to 
fetch its first instruction (at memory location FFFFOH) 
after 6 1/2 CPU clock cycles (i.e., T, of the first instruc- 
tion fetch will occur 6 1/2 clock cycles later). To insure 
that the RESET output will go inactive on the next CPU 
clock cycle, the inactive going edge of the RES input 
must satisfy certain hold and setup times to the low-to- 
high edge of the clockout signal of the 80186 (see Figure 
69). 


CLKOUT 


Figure 69. 80186 Coming out of Reset 


8. CHIP SELECTS 


The 80186 includes a chip select unit which generates 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can be used to 
fulfill the chip select requirements (in terms of memory 
device or bank size and speed) of most small and medi- 
um sized 80186 systems. | 


The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select generation. 
Also, during a bus HOLD, the 80186 does not float the 
chip select lines. Therefore, logic must be included-to en- 
able the devices which the external bus master wishes to 
access (see Figure 70). 
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Figure 70. 80186/External Chip Select/Device Chip Select Generation 


8.1 Memory Chip Selects 


_ The 80186 provides six discrete chip select lines which 
are meant to be connected to memory components in an 


80186 system. These signals are named UCS, LCS, 
and MCS0-3 for Upper Memory Chip Select, Lower 
Memory Chip Select and Midrange Memory Chip Se- 
lects 0-3. They are meant (but not limited) to be con- 
nected to the three major areas of the 80186 system 
memory (see Figure 71). 


FFFFF 
STARTUP 


PROGRAM 
MEMORY 
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TABLE 
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Figure 71. 80186 Memory Areas & Chip Selects 


As could be guessed by their names, upper memory, low- 
er memory, and mid-range memory chip selects are de- 
signed to address upper, lower, and middle areas of 
memory in an 80186 system. The upper limit of UCS 
and the lower limit of LCS are fixed at FFFFFH and 
00000H in memory space, respectively. The other limit 
of these is set by the memory size programmed into the 
control register for the chip select line. Mid-range mem- 
ory allows both the base address and the block size of the 
memory area to be programmed. The only limitation is 
that the base address must be programmed to be an inte- 
ger multiple of the total block size. For example, if the 
block size was 128K bytes (4 32K byte chunks) the base 
address could be 0 or 20000H, but not 10000H. 


3-308 


The memory chip selects are controlled by 4 registers in 
the peripheral control block (see Figure 72). These in- 
clude 1 each for UCS and LCS, the values of which de- 
termine the size of the memory blocks addressed by 
these two lines. The other two registers are used to con- 
trol the size and base address of the mid-range memory 
block. 


~ On reset, only UCS is active. It is programmed by reset 


to be active for the top 1K memory block, to insert 3 wait 
states to all memory fetches, and to factor external 
ready for every memory fetch (see section 8.3 for more 
information on internal ready generation). All other 
chip select registers assume indeterminate states after 
reset, but none of the other chip select lines will be active 
until all necessary registers for a signal have been ac- 
cessed (not necessarily written, a read to an uninitialized 
register will enable the chip select function controlled by 
that register). 


8.2 Peripheral Chip Selects 


~The 80186 provides seven discrete chip select lines 


which are meant to be connected to peripheral compo- 
nents in an 80186 system. These signals are named 
PCS0-6. Each of these lines is active for one of seven 
contiguous 128 byte areas in memory or I/O space 
above a programmed base address. 


The peripheral chip selects are controlled by two regis- 
ters in the internal peripheral control block (see Figure 
72). These registers allow the base address of the periph- 
erals to be set, and allow the peripherals to be mapped 
into memory or I/O space. Both of these registers must 
be accessed before any of the peripheral chip selects will 
become active. 


A bit in the MPCS register allows PCSS and PCS6 
to become latched Al and A2 outputs. When this option 
is selected, PCS5 and PCS6 will reflect the state of Al 
and A2 throughout a bus cycle. These are provided to al- 
low external peripheral register selection in a system in 
which the addresses are not latched. Upon reset, these 
lines are driven high. They will only reflect Al and A2 
after both PACS and MPCS have been accessed (and 
are programmed to provide Al and A2!). 


8.3 Ready Generation 


The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry of 
the 80186 responds. 
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For each ready generation area, 0-3 wait states may be 8.4 Examples of Chip Select Usage Ay 1 oe oars 
inserted by the internal unit. Table 6 shows how the : oe as 
ready control bits should be programmed to provide this. Many examples of the use of the chip select lines caro ee ue, 
In addition, the ready generation circuit may be pro- en in the bus interface section of this note (section 3.2). eo ree 
grammed to ignore the state of the external ready (i.e., aoe Sere ed ss fait ae he asl the ye oe ee 
only the internal ready circuit will be used) or to factor ai apa ena hes oe ey eee * 
the state of the external ready (i.e., a ready will be re- member when vee the chip select function is that they aah a 
turned to the processor only after both the internal ready not Stee : tpt aie ‘ ge eas ste Pie bh | z 
circuit has gone ready and the external ready has gone eRe it iy CS ee ae Es 
ready). Some kind of circuit must be included to gener- the bus, errand picid his Rad chip select function. In x 
ate an external ready, however, since upon reset. the addition, whenever the bus is given by the 80186 to an ‘ 
ready generator is programmed to factor external ready external master ae ough “4 HOLD/ HLDA arrange- oe 
to all accesses to the top 1K byte memory block. If a ment) the 80186 does NOT float the chip select lines. Yes ge. 
ready was not returned on one of the external ready lines ‘ ’ “ 
(ARDY or SRDY) the processor would wait forever to 8.5 Overlapping Chip Select Areas * 
fetch its first instruction. Generally, the chip selects of the 80186 should not be 4 
programmed such that any two areas overlap. In addi- ee 
Table 6. 80186 Wait State Programmin tion, none of the programmed chip select areas should (a 
"e 9 overlap any of the locations of the integrated 256-byte Soe 
| R2|.R1| RO Number of Wait States control register block. The consequences of doing this | x 
are: : 
0 | 0 | O {0 + external ready 7 me , % 
0! 0 1 + external ready Whenever two chip select lines are programmed to ‘ 
G14 2 + external ready respond to the same area, both will be activated dur- ae 
oe ail ost ceaat ing any access to that area. When this is done, the = 
sie tiki Saks 9 5 ; ready bits for both areas must be programmed to the , : 
acti 0 (no external ready required) same value. If this is not done, the processor response ee 
1 | 0 | (no external ready required) to an access in this area is indeterminate. pres i 
1 2 ternal read ired ; Soi 
, 3 pec hay i ms ie ; If any of the chip select areas overlap the integrated Kata ee 
, he 256-byte control register block, the timing on the _ Prides 
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= chip select line is altered. As always, any values re- 
turned on the external bus from this access are ig- 
nored. : 


9. SOFTWARE IN AN 80186 SYSTEM 


Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those func- 
tions on the 80186. 


9.1 System Initialization in an 
80186 System 


Most programmable components of a computer system 
must be initialized before they are used. This is also true 
_ for the 80186. The 80186 includes circuitry which di- 
rectly affects the ability of the system to address mem- 
ory and I/O devices, namely the chip select circuitry. 
This circuitry must be initialized before the memory 
- areas and peripheral devices addressed by the chip select 
signals are used. 


Upon reset, the UMCS register is programmed to be ac- 

tive for all memory fetches within the top 1K byte of 
- memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
_ grammed before the processor leaves this 1K byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs, the microcomputer system will 
cease to operate (since the processor will fetch garbage 
from the data bus). Appendix F shows a typical initial- 
_ ization sequence for the 80186 chip select unit. 


Once the chip selects have been properly initialized, the 
rest of the 80186 system may be initialized much like an 
8086 system. For example, the interrupt vector table 
might get set up, the interrupt controller initialized, a 
serial I/O channel initialized, and the main program be- 
gun. Note that the integrated peripherals included in the 
80186 do not share the same programming model as the 
standard Intel peripherals used to implement these 
functions in a typical 8086 system, i.e., different values 
must be programmed into different registers to achieve 
the same function using the integrated peripherals. Ap- 
pendix F shows a typical initialization sequence for an 
interrupt driven system using the 80186 interrupt 
controller. 


9.2 Initialization for iRMX™ 86 System 


Using the iRMX 86 operating system with the 80186 re- 
quires an external 8259A and an external 8253/4 or al- 
ternatively an external 80130 OSF component. These 
are required because the operating system is interrupt 
driven, and expects the interrupt controller and timers to 
have the register model of these external devices. This 
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model is not the same as is implemented by the 80186. 
Because of this, the 80186 interrupt controller must be 
placed in iRMX 86 mode after reset. This initialization 
can be done at any time after reset before jump to the 
root task of iRMX 86 System is actually performed. If 
need be, a small section of code which initializes both 
the 80186 chip selects and the 80186 interrupt controller 
can be inserted between the reset vector location and the 
beginning of iRMX 86 System (see Figure 73). In this 
case, upon reset, the processor would jump to the 80186 
initialization code, and when this has been completed, 
would jump to the iRMX 86 initialization code (in the 
root task). It is important that the 80186 hardware be 
initialized before iRMX 86 operation is begun, since 
some of the resources addressed by the 80186 system 
may not be initialized properly by iRMX 86 System if 
the initialization is done in the reverse manner. 


JUMP TO JUMP TO 
iRMX 186 INIT 


186 
INITIALIZATION 
CODE 


iRMX™86 


Figure 73. iRMX-86 Initialization with 
8086 & 80186 


9.3 Instruction Execution Differences 
Between the 8086 and 80186 


There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 


Undefined Opcodes: 


When the opcodes 63H,64H,65H,66H,67H,F1H, 
FEH XX111XXXB and FFH XX111XXXB 
are executed, the 80186 will execute an illegal in- 
struction exception, interrupt type 6. The 8086 
will ignore the opcode. 


OFH opcode: 


When the opcode OFH is encountered, the 8086 
will execute a POP CS, while the 80186 will ex- 
ecute an illegal instruction exception, interrupt 
type 6. 


Word Write at Offset FFFFH: 


' When a word write is performed at offset 
FFFFH in a segment, the 8086 will write one 
byte at offset FFFFH, and the other at offset 0, 
while the 80186 will write one byte at offset 
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FFFFH, and the other at offset 10000H (one 
byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) 
if a stack PUSH is executed and the Stack Point- 
er contains the value 1. 


Shift/Rotate by Value Greater Then 31: 


Before the 80186 performs a shift or rotate by a 
value (either in the CL register, or by an immedi- 
ate value) it ANDs the value with 1 FH, limiting 
the number of bits rotated to less than 32. The 


- 8086 does not do this. 


LOCK prefix: 


The 8086 activates its LOCK signal immediately 
after executing the LOCK. prefix. The 80186 
does not activate the LOCK signal until the pro- 
cessor is ready to begin the data cycles associated 
with the LOCKed instruction. 


Interrupted String Move instructions: 


If an 8086 is interrupted during the execution of 
a repeated string move instruction, the return 
value it will push on the stack will point to the 
last prefix instruction before the string move in- 
struction. If the instruction had more than one 
prefix (e.g., a segment override prefix in addition 
to the repeat prefix), it will not be re-executed 
upon returning from the interrupt. The 80186 
will push the value of the first prefix to the re- 
peated instruction, so long as prefixes are not re- 
peated, allowing the string instruction to 
properly resume. 


Conditions causing divide error with an integer 
divide: 


The 8086 will cause a divide error whenever the 
absolute value of the quotient is greater then 
7FFFH (for word operations) or if the absolute 
value of the quotient is greater than 7FH (for 


' byte operations). The 80186 has expanded the 


range of negative numbers allowed as a quotient 
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by 1 to include 8000H and 80H. These numbers 
represent the most negative numbers representa- __ 
ble using 2’s complement arithmetic (equaling — 

— 32768 and — 128 in decimal, respectively). 


ESC Opcode: 


The 80186 may be programmed to cause an in- 


terrupt type 7 whenever an ESCape instruction | tes 


(used for co-processors like the 8087) is execut- 
ed. The 8086 has no such provision. Before the 


80186 performs this trap, it must sar Ske 2 


. grammed to do so. 


These differences can be used to determine whatlice the ie 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this __ 
purpose is the difference in multiple bit shifts. Forexam- 


ple, if a multiple bit shift is programmed where the shift 
count (stored in the CL register!) is 33, the 8086 will 


shift the value 33 bits, whereas the 80186 will shift Segre es = 


only a single bit. | 


In addition to the inatruchon execution differences not- . 
ed above, the 80186 includes a number of new instruc- _ 
tion types, which simplify assembly language — 
programming of the processor, and enhance the perfor- 
mance of higher level languages running on the proces- _ 
sor. These new instructions are covered in depthinthe 


8086/80186 users manual and in appendix H of this 
note. 


10. CONCLUSIONS 


The 80186 is a glittering example of state-of-the art in- 
tegrated circuit technology applied to make the job of 
the microprocessor system designer simpler and faster. 
Because many of the required peripherals and their in- 
terfaces have been cast in silicon, and because of the 
timing and drive latitudes provided by the part, the de- 


signer is free to concentrate on other issues of system de- _ | 
sign. As a result, systems designed around the 80186 


allow applications where no other processor has been 
able to provide the necessary performance at a compara- 
ble size or cost. 
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APPENDIX A: PERIPHERAL CONTROL block contains the peripheral control block relocation S 
BLOCK register. This register allows the peripheral control block és 
All the integrated peripherals within the 80186 micro- to be re-located on any 256 byte boundary within the _ = 
processor are controlled by sets of registers contained  Processor’s memory or I/O space. Figure A-2 shows the x 
within an integrated peripheral control block. The regis- layout of this register. 
ters are physically located within the peripheral devices This register is located at offset FEH within the periph- 2 
they control, but are addressed as a single block of regis- —_eraj control block. Since it is itself contained within the | 
ters. This set of registers fills 256 contiguous bytes and peripheral control block, any time the location of the pe- 3 
can be located beginning on any 256 byte boundary of —_—rinheral control block is moved, the location of the relo- ry 
the 80186 memory or I/O space. A map of these regis- cation register will also move. Ee 
ters is shown in Figure A-1. A oe ze 
In addition to the peripheral control block relocation in- md 

A.1 Setting the Base Location of the formation, the relocation register contains two addition- | Z 
: al bits. One is used to set the interrupt controller into 2 
Peripheral Control Block bbe $5: 
iRMX86 compatibility mode. The other is used to force = 

In addition to the control registers for each of the inte- the processor to trap whenever an ESCape (coprocessor) : 7 
grated 80186 peripheral devices, the peripheral control instruction is encountered. : 

OFFSET ES 

5 
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Figure A-1. 80186 Integrated Peripheral Control Block 3 
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| Te? SO. ae ee a oe a a cee” ae Se ower om 
OFFSET: FEH }ET [RMX] X | M/IO Relocation Address Bits R19-R8 


ET = ESC Trap/ No ESC Trap (1/0) 

M/IO = Register block located in Memory / I/O Space (1/0) 

RMX = Master Interrupt Controller mode / IRMX compatible 
interrupt Controller mode (0/1) 


Figure A-2. 80186 Relocation Register Layout 


Because the relocation register is contained within the 
peripheral control block, upon reset the relocation regis- 
ter is automatically programmed with the value 20FFH. 
This means that the peripheral control block will be lo- 
cated at the very top (FFOOH to FFFFH) of I/O space. 
Thus, after reset the relocation register will be located at 
word location FFFEH in I/O space. 


If the user wished to locate the peripheral! control block 
starting at memory location 10000H he would program 
the peripheral control register with the value 1100H. By 
doing this, he would move all registers within the inte- 
grated peripheral control block to memory locations 
10000H to 1OOFFH. Note that since the relocation reg- 
ister is contained within the peripheral control block, it 
too would move to word location 1OOFEH in memory 
space. 


A.2 Peripherai Control Block Registers 


Each of the integrated peripherals’ control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a write 
is made to any of these locations, the bus cycle will be 
run, but the value will not be stored in any internal loca- 
tion. This means that if a subsequent read is made to the 
same location, the value written will not be read back. 


The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on the 
80186 external pins just as if a “normal” bus cycle had 
been run. Any information returned by an external de- 
vice will be ignored, however, even if the access was toa 
location which does not correspond to any of the inte- 
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grated peripheral control registers. The above is also | 
true for the 80188, except that the word access made to 
the integrated registers will be performed in a single bus 
cycle, with only the lower 8 bits of data being driven by 
the write cycle (since the upper 8 bits of data are non- 
existant on the external data bus!) 


The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored whenever an ac- 
cess is made to any location within the integrated pe- 
ripheral register control block. This ready will also be 
returned if an access is made to a location within the 256 
byte area of the periperal control block which does not 
correspond to any integrated peripheral control register. 
The processor will insert 0 wait states to any access with- 
in the integrated peripheral control block except for ac- 
cesses to the timer registers. ANY access to the timer 
control and counting registers will incur 1 wait state. 
This wait state is required to properly multiplex proces- 
sor and counter element accesses to the timer control 
registers. 


All accesses made to the integrated peripheral control 
block must be WORD accesses. Any write to the inte- 
grated registers will modify all 16 bits of the register, 
whether the opcode specified a byte write or a word 
write. A byte read from an even location should cause no 
problems, but the data returned when a byte read is per- 
formed from an odd address within the peripheral con- 
trol block is undefined. This is true both for the 80186 
AND the 80188. As stated above, even though the 
80188 has an external 8 bit data bus, internally it is still 
a 16 bit machine. Thus, the word accesses performed to 
the integrated registers by the 80188 will each occur ina 
single bus cycle with only the lower 8 bits of data being 
driven on the external data bus (on a write). 
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APPENDIX B: 80186 SYNCHRONIZATION 
INFORMATION 


Many input signals to the 80186 are asynchronous, that * 
is, a specified set up or hold time is not required to insure 
proper functioning of the device. Associated with each of 
these inputs is a synchronizer which samples this exter- 
nal asynchronous signal, and synchronizes it to the in- 
ternal 80186 clock. 


B.1 Why Synchronizers Are Required 


Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window within 
the specified set up and hold time, the part will actually 
try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of this 
sampling window is typically much smaller than the ac- 
tual window specified by the data sheet, however part to 
part variation could move this window around within the 
specified window in the data sheet. 


Even if the input to a data latch makes a transition while 
a data latch is attempting to latch this input, the output 
of the latch will attain a stable state after a certain 
amount of time, typically much longer than the normal 
strobe to output delay time. Figure B-1 shows a normal 
input to output strobed transition and one in which the 
input signal makes a transition during the latch’s sample 
window. In order to synchronize an asynchronous signal, 
all one needs to do is to sample the signal into one data 
latch, wait a certain amount of time, then latch it into a 
second data latch. Since the time between the strobe into 
the first data latch and the strobe into the second data 
latch allows the first data latch to attain a steady state 
(or to resolve the asynchronous signal), the second data 
latch will be presented with an input signal which satis- 
fies any set up and hold time requirements it may have. 
Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 


A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
time between the two latch’s strobe signals. The rate of 
failure is determined by the actual size of the sampling 
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_ pling window will drop. In addition, however, a smaller 
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Figure B-1. 


window of the data latch, and by the amount of time be- 
tween the strobe signals of the two latches. Obviously, as 
the sampling window gets smaller, the number of times 
an asynchronous transition will occur during the sam- 


sampling window is also indicative of a faster resolution 
time for an input transition which manages to fall within 
the sampling window. 


B.2 80186 Synchronizers 


The 80186 contains synchronizers on the RES, 
TEST, TmrIn0-1, DRQO-1, NMI, INTO-3, ARDY, and 

HOLD input lines. Each of these synchronizers use the 

two stage synchronization technique described above 
(with some minor modifications for the ARDY line, see 

section 3.1.6). The sampling window of the latches is de- 

signed to be in the tens of pico-seconds, and should allow 

operation of the synchronizers with a mean time be- 

tween failures of over 30 years assuming continuous 

operation. 
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“e 7 APPENDIX c: 80186 EXAMPLE DMA INTERFACE CODE 
$mod186 Bee 
3 ge BO : ond assembly.example.80186.DMA-support 
This file contains an example procedure which initializes the 80186 DMA 
Fear controller to perform the DMA transfers between the 80186 system the the 
iste 8272 Floppy Disk Controller (FDC). It assumes that the 80186 
a a ee Ns peripheral control block has not been moved from its reset location. 
Oe te equ word ptr [BP + 4] 
eopees, anges 2 SS : | equ word ptr [BP + 6] 
en OMe aS equ word ptr [BP + 8] 
pees DMA.FROM.LOWER equ OFFCOh ; DMA register locations 
_ DN {A.FROM.UPPER equ OFFC2h : 
- DMA.TO.LOWER equ OFFC4h 
: ’ DMATO.UPPER equ OFFC6h 
~ DMA.COUNT equ OFFC8h : ne 
~ DMA-CONTROL equ OFFCAh : hag \ 
_ DMA-TO_DISK-CONTROL equ 01486h ; ; destination synchronization 
3 source to memory, incremented. 
; destination to I/O | 
- no terminal count 
; byte transfers 
: _ DMA FROMDISK.CONTROLequ 0A046h ; source synchronization 
| rt pach | ; source toI/O 
tok ; destination to memory, incr 
sis ; no terminal count 
ee atau ; byte transfers 
_FDC.DMA equ 6B8h ; FDC DMA address 
_ FDC_DATA | equ 688h | ; FDC data register 
aes -FDCSTATUS a ae "equ 680h ; FDC status register 
ie cgroup group _ code 
ai OS 2. segment public ‘code’ 
Ke EE ; public = set.dma- 


assume _cS:cgroup 


Ss ‘setdma (offset,to) programs the DMA channel to point one side to the 

disk DMA address, and the other to memory pointed to by ds:offset. If 
‘to’ = 0 then will be a transfer from disk to memory; if 

‘to’ = 1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 


‘ V4 nd . \ o , 
- set.dma. proc near 


enter 0,0 ; set stack addressability 
push AX ; Save registers used 

push BX 

push DX 

test arg2,1 ; check to see direction of 


; transfer 
jz from_disk 


performing a ‘transfer from memory to the disk controller 


oo alone we 2 OW AX,DS ; ; getthesegmentvalue 
Ba core eC erp hae. : Ups AX,4 ; genthe upper 4 bits of the | 
pases | fax | i 3 physical address in the lower 4 
ees, fe gap rc ae ere yd Ct ae Roan eek ae Tie ot eg: Gc S 
Pere se pik gener eine Bon att phe EGON ot BP te walt ip tet NERS A ef OPN eee Sf OL ae ee ar eee Neen at oie ie ees 


no.carry-from: 


from_disk: 


we we we 


no.carry.to: 


mov 
rol 
mov 
out 
mov 
and 
add 
mov 
out 
jnc 


‘inc 


mov 
mov 
out 


mov 


BX,AX ‘ 
DX, DMA FROM.UPPER| ; 
DX,AX ‘ 
AX,OFFFOh — . 
AX,argl : 
DX,DMA.FROM.LOWER : 
DX,AX : 
no.carry.from . 
BX = 
AX,BX ; 
DX,DMA_F ROM.UPPER 
DX,AX 

AX,FDC.DMA ; 
DX,DMA.TO.LOWER : 
DX,AX . 
AX,AX : 
DX,DMA.TO_UPPER ae 
DX,AX 
AX,DMA.TO.DISK-CONTROL; 
DX,DMA-CONTROL ; 
DX,AX | ; 
DX 

BX 

AX ‘ 


performing a transfer from the disk to memory 


AX,DS 
AX,4 


DX, DMA.TO.UPPER 


DX,AX 
BX,AX 
AX,0FFFOh 
AX,argl 


_DX,DMATOLOWER | 


DX,AX 

no.carry_to 

BX 

AX,BX 
-DX,DMA.TO.UPPER 
DX,AX _ 


AX,FDC_DMA 


DX,DMA.FROM_LOWER 
DX,AX 

AX,AX 
DX,DMA.FROM.UPPER 
DX,AX | 
AX Di) TRO Be : 0. . 
PLD MS DOME 


_ Save the ede 
- prgm the upper 4 bits of th 


DMA source register 
form the lower 16 bits of the 
physical address 


add the offset _ crn. ee aes 
-_prgm the lower 16 bits of the Rites 

DMA source register . Bs 

check for pats out of a : 


destination register 
zero the up 4 bits of the D DA pa °: 
destination register i Ae 


= sas 
* ys + 
Reged 
, i Nabi og. £4 


mts 


a 4 
er 


prgm the DMA ctl reg. 2; RK. 
note: DMA may gi! ni 
after this word is output ee 


“ 
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5 


saat 
Sr a 
ms, - 1 ‘ 
: \ (oS Ae 
OP Bite 8 
~) é * 
A oe ae 
be | 
pair ev 
a ~, 4 a 
\ h ae 4 : a 
‘ “ be” , e 2 


- 
« 
= 
- 


—— 
enter 
“a ‘ 
in pe . 
~*~ 
y “ 


. 
’ 
- 


a a 
uf “Cay an 


out DX,AX 
pop DX 
pop BX 
pop AX 
leave 
ret 
set.dma. endp 
code ends 
end 
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APPENDIX D: 80186 EXAMPLE TIMERINTERFACECODE = ——t 


$mod 186 : , Seep ree 


name : example.801 86.timer.code a Spee Se 

¢ this file contains example 80186 timer routines. The first routine : Soe hot k Saes 

re sets up the timer and interrupt controller tocausethe timer ees sets Ses Te 
ae to generate an interrupt every 10 milliseconds, and to service | eer et: 
Su interrupt to implement a real time clock. Timer 2 is used i ae | = 
; this example because no input or output signals arerequired. Cees 

: The code example assumes that the peripheral control block has SETS 
not been moved from its reset location (FFOO-FFFF i in I ic O space). : fe Se 


nT Eee equ word ptr [BP + 4] 

arg2 etn Eas equ word ptr[BP +6] | : 
arg3 equ... - -word-ptr [BP +8} -~ patos 
— timer.2int es og: 5 18 te af Ca 
_ timer-2control : ~ < 2Ot OFF66h > oe Mose 
timer-2maxctl — equ OFF62h Cie 

_ timer-intctl equ OFF32h 7 re e: 
eoLregister — | equ OFF22h : : 
interruptstat — eos equ = OF F30h 


data segment public ‘data’ 
eRe : public hour. ,minute,second., msec_ | 
msec_ db 
hoary db 
minute_ db 
second_ db 
data 


rw i eh i | 


cgroup \ group code _ : ; om 
dgroap th >’y group data | . 


code | | segment | public ‘code’ 
3 public —_set_time- . 
assume __ cs:code,ds:dgroup 


set_time(hour,minute,second) sets the time variables, initializes the 
80186 timer2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


we we we we 


set.time- shes proc near . 
enter < 0,0 4 set stack addressability 
push AX ge acon 3 Save registers used ieee 
push DX | | 3 Oe gee 
push SI , OAS 

push DS 


we we 


set the interrupt vector 
the timers have ar 
eons 


xor AX,AX 


eal 
i, 


Dy eee N.S Senay Spe NCr eee 


~~ * nhs ‘ ro t. , 32 3: = hat a Sphaned tA Jos} bas aS 4 shale a 
Dig gr eee meres Oe eee 
St bea pee ees eS ‘OY / Ul eC Es; as at Pere 
A Ra J Pa a Pe tht ie 2 oO OE Pe ae eae Di ee cel, a ns < 
Pe ies of et — iw. “Tee ae Sat pt e as ee PE A Po = 
re - : 4 NE Pe ed a oe FBia Ss Beene tee eS tS : 
r ven tes any oe n A Se Ss Fav 
oe ‘ ay ee eet. ~ é. = ST ae ae % ay Sad 
: ~ < ~— oe ¥ . 
a: . See ae 245 Sta 3 et + Pare 7S 
= Sy et eee Ae eg ie ee 
Goat : et apatite sel * 
' Fors See eaters aan ¢ 724 
ae + ot CS ee ee Os 
Se ape Ope gia deh Lee yee dS 
bt Hoh PG see Ne aS Orla, lac = 


inc <i ee | 

inc SI \ 

mov DS:[SI],CS 

pop DS 


mov AX, arg] 


mov hour.,AL 

mov AX,arg2 

mov minute.,AL 

mov AX,arg3 

mov second_,AL 

mov msec.,0 j 
mov DX,timer2._maxctl 


mov AX,20000 
out DX,AX 

mov _ DX,timer2-control 

mov AX,1110000000000001b 
out DX,AX 


“mov DX,timer_intctl 
mov AX,0000b 


out DX,AX 
sti 
pop SI 
pop DX 
pop AX 
leave 
ret 
endp 
proc far 
push AX 
push DX 
~ emp msec_,99 
jae —Srdbump.second © 
inc msec. 
jmp resetint.ctl 
mov msec.,0 
cmp second_,59 
jae bump-minute 
inc second_ 
jmp resetint.ctl 


we we we we 


mov DS: [SI], offset timer_2interrupt_routine 


; set the time values. 


set the max count value J 
10 ms / 500 ns (timer 2 counts 
at 1/4 the CPU clock rate) 


we we we 


set the control word 
enable counting 

generate interrupts on TC 
continuous counting 


set up the interrupt controller 
unmask interrupts | 
highest priority interrupt 


we we we 


; enable processor interrupts 
An. 


see if one second has passed 
if above or equal... 


we we 


reset millisecond 
see if one minute has passed 


we we 


see if one hour has passed | 


! 


Sea et 
~ bump-hour: 
mov minute.,0 : 
cmp hour.,12 
jae _ reset_hour 
. inc hour- 
' jmp reset_int.ctl 
reset_hour: : | 
. mov hour., | a 
resetintctl: ee. 
mov DX,eoLregister 
mov AX,8000h 
out  DX,AX 
pop DX 
pop AX 
iret 
timer2_interrupt_routine endp ‘oe 
code ends | 
; end 
$mod 186 
name . example_80186_baud_code E 


this file contains example 80186 timer routines. The second routine 
sets up the timer as a baud rate generator. In this mode, 
Timer 1 is used to continually output pulses with a period of 
6.5 usec for use with a serial controller at 9600 baud — 
programmed in.divide by 16 mode (the actual period required 
for 9600 baud is 6.51 usec). This assumes that the 80186 is 
running at 8 MHz. The code example also assumes that the 
peripheral control block has not been moved from its reset . 
location (FF00-FFFF in I/O space). 


wewe wer we ewe we ee ee ee lee le 
. 


timer1-_control equ OFFS5Eh 
timer1.maxcnt equ OFFSAh 
code segment 
assume cs:code 
: set_baud() initializes the 80186 timerl as a baud rate generator for 
: a serial port running at 9600 baud . 
set_baud_ proc near 
push AX 
push DX 
mov -DX,timerl.max.cnt 
mov AX,13 
out DX,AX 
mov =§ DX, timer1-control 
mov §$AX,1100000000000001b 
7 out ; DX,AX 
Sc SRO RR 
ie te eee Hees = SS 
sa ives eae epee 
=A oy, oes: eRe pe = oy 3 
Sc Peg 5 gle Oats ge Beer ene 


aes Ue 2 
Aaa ee 


we we 


we we we we we 


Mess east 
© ats wat Ae Be 
STS Nd oe 8 ae 


° 
> § 
—_ 

7. 
e 
5 
a 


- Let 4 + | 
; see if 12 hours have pa sed 


rs 
te a 2 


public ‘code’ 


‘ 


; save registers used 


set the max count value 
500ns * 13 = 6.5 usec 


set the control word 
enable counting 
no interrupt on TC 
continuous counting = 
"single max count register 


i 


= - . . 


Bay Gr sé rg? eS, ¢ Seas Se SERS aa 
= ie < 9 pee 8 : » - ~r ~ oe as? 
iki A ae eee ae eee ied 
egies eee a Pepe) Doha to ale an Sie ee 
jas Ds fs ee 2 * = - E i 
eee % eee an Bars 
‘ret 
—endp. 
ends 
end 
example.801 86.count.code: 


this file contains eeasiile 801 86 timer routines. The third routine 
ies oe sets up the timer as an external event counter. In this mode, 
Timer 1 is used to count transitions on its input pin. After 

_ the timer has been set up by the routine, the number of 

_ events counted can be directly read from the timer count 
-Tegister at location FF58H in I/O space. The timer will 

- count a maximum of 65535 timer events before wrapping 
Le around to zero.. This code example also assumes that the 

_ peripheral control block has not been moved from its reset 
_apmation sinha in I/O space). 


ee é 
we we 


[toe 
e 


ace 


a4 
alee Ke a, 
~ - 


_ y a fh. 
we wee wee we we 
: : 


equ OFFSEh 
equ OFFS5Ah 
equ OFF58H 
segment 

assume ___cs:code 


proc near 
push AX 
push DX 
mov DX,timer1_max_cnt 
mov AX,0 
out DX,AX 
mov DX,timer|]-_control 
- mov AX,1100000000000101b 
out DX,AX 
7 
xor AX,AX 
mov DX,timer1-_cnt_reg 
out DX,AX 
pop DX 
pop AX 
ret 
endp 
ends 
| end 
Ee » 2 
shes ae 900 
Poke ~ =. ay age ee 5 fet 9 ae 


4 " 3 , 
7 9: » eee” 
ae cS rg tas 3 ad 2. oF z 
iS, i Kaa Ms te ~4a ee 
re £ 3 
nV ong sa 
af. = 
‘ es Se ENS ay Oe 
si . evr t 
-. ‘ 
; : 
° 
Xx 
Ne - | 
public ‘code 


; Save registers used 


; set the max count value 


3 allows the timer to count 


; all the way to FFFFH 
\ 


; set the control word 

; enable counting 

; no interrupt on TC 

; continuous counting 

; single max count register 
; external clocking 


; zeroAX — 
; and zero the count in the timer 
; count register 


“ait 5 A 
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at ee Ta ee wy 
_ ed 
whe EPs 
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APPENDIX E: 80186 EXAMPLE oo yee 
INTERRUPT CONTROLLER INTERFACE pe ! “steers 
CODE eae 6 a 
$mod186 ' | ' 
name example.80186_interrupt.code 
; This routine configures the 80186 interrupt controller to provide rr 
: two cascaded interrupt inputs (through an external 8259A . | 
: ’ interrupt controller on pins INTO/INT2) and two direct ; 
: interrupt inputs (on pins INT1 and INT3). The default priority : 
: levels are used. Because of this, the priority level programmed 
: into the control register is set the 111, the level all 
; interrupts are programmed to at reset. 
intO_control equ OFF38H | .. 
int_mask equ OFF28H 3 
code ; segment public ‘code’ 
assume CS:code 
setint._ proc near 
_ push DX 
push AX cx 
ate gen 
. mov AX,0100111B ; cascade mode ras Pen 
: . ; interruptunmasked — ‘oe 
mov DX, intO_control . rn ne Say, Opes ae 
out DX,AX ‘> See 
mov. AX,01001101B ; now unmask the other extern Ban Be 
; interrupts << = >< soe 
mov DX,int-mask aed Shs 
out DX,AX iy rites 
pop AX AA 
pop DX 
ret 
setint. endp 
code ends 
sage: end 
$mod 186 7 ; ; 
name Mik Ohya example.80186_interrupt.code 


; This routine configures the 80186 interrupt controller into iRMX 86 


‘ mode. This code does not initialize any of the 80186 

; integrated peripheral control registers, nor does it initialize . 

3 _ the external 8259A or 80130 interrupt controller. | 

relocation.reg : equ OFFFEH 

code segment public ‘code’ 
assume CS:code > | 

setrmx. is proc near 

push DX © 


push AX 3 


® 
ntl AP-186 
pop AX 
pop DX 
ret 
set.rmx_ endp 
code ends 
end 
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APPENDIX F: 80186/8086 EXAMPLE 
‘SYSTEM INITIALIZATION CODE 


name example.80186_system_init 
;_ This file contains a system initialization routine for the 80186 
; _ or the 8086. The code determines whether it is running on > 
: an 80186 or an 8086, and if it is running on an 80186, it 
; initializes the integrated chip select registers. 
restart segment at 
) This is the processor reset address at OFFF FOH 
org 0 
jmp far ptr initialize 
restart ends 
extrn — monitor:far 
init_hw segment at 
; assume CS:inithw 
; \ 
; This segment initializes the chip selects: It must be located in the 
; top 1K to insure that the ROM remains selected in the 80186 
_ system until the proper size of the select area can be propremaien. 
UMCS.reg equ OFFAOH 
LMCS-reg equ OFFA2H : 
PACS.reg equ OFFA4H 
MPCS.-reg equ OFFA8H 
UMCS.value equ OF800H 
LMCS-value equ 07F8H 
PACS-value J equ 72H 
MPCS.value equ OBAH 
initialize proc far 
; mov AX,2 
mov CL,33 
shr AX,CL 
test AX,1 
jz not.80186 
mov DX,UMCS.-reg 
mov AX,UMCS.-value 
out DX,AX 
mov DX,LMCS.reg » 
mov AX,LMCS-value 
out DX,AX 
mov DX,PACS.reg 
mov AX PACS value 
: out DXAX a 
bs a Me Sey 
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we we we we we 


we we we 


we 


peripherals in I/O space 


determine if this is an 


chip select register locations — * 


64K, no wait states 
32K, no wait states 
peripheral base at 400H, 2 ws 
PCSS and 6 supplies, Paes By 


8086 or an 80186 (checks 
to see if the multiple bit 
shift value was ANDed) 


program the UMCS register 


program the LMCS register s 


set up the peripheral chip — 
selects (note the mid-range 


memory chip selects are not © 
needed in this system, and 
are thus not initialized — 
s &. pe = 4 
aera es +5 
Sp} + a 
ae Fee 
feet heey 
i mare 
pote —AFN-21 . 


ttt as 


wr . > ne rt 
he Ee 


at 


Ptah vine 9 he 
CEetES er 


ects are all set up, the main program o 


-~v 


--DX,MPCS.reg 
y . AX,MPCS.value — 


-DX,AX os 
ee, Sp 
Fhe 


—— 


a 
” 
~ 


jmp far ptr monitor — 
_ endp Se 
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2 2 d 


ee 
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APPENDIX G: 80186 WAIT STATE 
PERFORMANCE 


Because the 80186 contains seperate bus interface and 
execution units, the actual performance of the processor 
will not degrade at a constant rate as wait states are add- 
ed to the memory cycle time from the processor. The ac- 
tual rate of performace degradation will depend on the 
type and mix of instructions actually encountered in the 
user’s program. 


Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 


ory addressing modes of the processor (which also take a 


PO Re ee a ee EO Se Cee eR Se 
sia t Nae Cee oes oe oe use Beater Ean aks ee 


=: ie oe Pe SMe eC ee an eg 


access the opcode bytes immediatly upon request, dead 

clock cycles will be inserted in which the execution unit _ ee 
will remain idle, thus increasing the number of clock cy- | Stree 
cles required to complete execution of the program. — sai 


On the other hand, program 2 is more CPU intensive. It 
performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction pre- 
fetch queue in parallel with the execution unit perform- 
ing the multiply. In this program, the bus interface unit 
can perform bus operations faster than the execution 
unit actually requires them to be run. In this case, the 
performance degradation is much less as wait states are 
added to the memory interface. The execution time of | 


the processor. These programs show the two extremes to this program is closer to the number of clock cycles cal- tae 
which wait states will or will not effect system perfor- culated by adding the number of cycles per instruction pig oe 
mance as wait states are introduced. because the execution unit does not have towaitforthe = 
Program 1 is very memory intensive. It performs many bus interface unit to place an opcode byte in the prefetch oe 7 ae 
memory reads and writes using the more extensivemem- queue as often. Thus, fewer clock cycles are wasted by 
the execution unit laying idle for want of instructions. seey 


greater number of bytes in the opcode for the instruc- 


Table G-1 lists the execution times measured for these 
two programs as wait states were introduced with the 


tion). As a result, the execution unit must constantly : 7 galt 
wait for the bus interface unit to fetch and perform the 80186 running at 8 MHz. wa ee ee 
memory cycles to allow it to continue. Thus, the execu- ie Se 
tion time of this type of routine will grow quickly as wait Table G-1 . fl Ss 
states are added, since the execution time is almost total- = 
ly limited to the speed at which the processor can run bus oer TOgtaM z 
cycles. # of . : ‘ 
Note also that this program execution times calculated war rent POS) = 
by merely summing up the number of clock cycles given States Degr Degr = 
in the data sheet will typically be less than the actual of 
number of clock cycles actually required to run the pro- : we 
gram. This is because the numbers quoted in the data 18% 311 6% | ni 
sheet assume that the opcode bytes have been prefetched 12% 337 8% ad 
and reside in the 80186 prefetch queue for immediate 12% 3%, ee 
° ° ° . ‘oO 0 
access by the execution unit. If the execution unit cannot . 
h 
a 
$mod 186 < 
name example_wait_state_performance 
; This file contains two programs which demonstrate the 80186 performance a 
: degradation as wait states are inserted. Program | performs a Re 
: transformation between two types of characters sets, then copies | ee 
: the transformed characters back to the original buffer (which is 64 ree 
: bytes long. Program 2 performs the same type of transformation, however e 
; instead of performing a table lookup, it multiplies each number in the : aes 
; original 32 word buffer by a constant (3, note the use of the integer | = teat 
ie. immediate multiply instruction). Program “nothing” is used to measure eee | 
‘ the call and return times from the driver program only. ae: 
cgroup group _— code 3 fe = 
dgroup group data | oS 
data segment _ public ‘data’ : 
3-327 ce | AFN-210973 


g 


db 
ee @Bs 
dw) 


mov 
mov 
mov 


mov 
mov 
mov 
“inc 


256 dup (2?) 
64 dup (?) 
32 dup (?) 
ends 


segment — mse 
assume CS:cgroup,DS:dgroup 
public —_ bench_1,bench_2 
_ proc ear 
push 
push 
push 
push > 


a 


near = 
SI 

CX 

BX 

AX 


CX,64 
SI,0 


_ BHO 


BL,tstring[SI] _ 
AL,ttable[BX] 
tstring[SI],AL 
SI | ; 
loop_back 


AX 


BX 


CX 
SI 


CX,32 
Sloffset m_array 


AX,word ptr [SI],3 
_word ptr [SI],AX 

oe: : 

SI 

loop_-back_2 


CX 


x ‘ 


"public ‘code’ 


«9 


we 


we we we we we 


we we 


we 


nothing,waitstate,settimer, = 


T-'é 


save registers used — 


translate 64 bytes A 


s 


get the byte. 
translate byte 
and store it — 


increment index — 
do the next byte 


‘save registers used 


i 


multiply 32 numbers 


immediate multiply 


nothing. 


nothing. 


we we we we we 


wait_state_ 


contents 


wait_state_ 


space. 


wie BO oe, Oe we tee 


set_timer- 


proc 
ret 
endp 


proc 


enter 


push — 


push 
push 


mov 
mov 


in 


and 
and 
or 

out 


pop 
pop 
pop 
leave 
ret 
endp 


DX, OfrS2h 


near 


near 
0,0. 


BX,word ptr [BP + 4] 
DX,OFFA2h 


AX,DX 


~AX,OFFFCh 


BX,3 
AX,BX 
DX,AX 


DX s, 
BX 
AX 


DX,0ff66h 
AX,4000h 


~DX,AX 


DX,0ff50h_ 
AX,0 
DX,AX 


- —a 


: wait.state(n) sets the 80186 LMCS register to the cuties of wait states 
(0 to 3) indicated by the parameter n (which is passed on the sdetcrea 
No other bits of the LMCS register are modified. 


we we 


we we we we 


settimer() initializes the 80186 timers to count microseconds. Timer 2 
is set up as a prescaler to timer 0, the microsecond count can be read 
directly out of the timer 0 count register at location FFSOH i in : /O- 


stop timer 2 
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intel AP-186 
mov DX,0ff56h enable timer 0 
mov AX,0c009h 
out DX,AX 
mov DX,0ff60h clear timer 2 count 
“mov AX,0 
out DX,AX 
mov DX,0ff62h set maximum count of timer 2 
mov AX,2 
out DX,AX 
mov DX,0ff66h re-enable timer 2 
mov AX,0c001h 
out DX,AX 
pop DX 
pop AX 
ret 

set_timer- endp 

code ends 

: end 
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APPENDIX H: 80186 NEW INSTRUCTIONS 


The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of these 
new instructions. In order to use these new instructions 
with the 8086/186 assembler, the “$mod186” switch 
must be given to the assembler. This can be done by plac- 
ing the line: “$mod186” at the beginning of the assem- 
bly language file. 


e PUSH immediate 


This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an im- 
mediate byte or an immediate word. If the data is a byte, 
it will be sign extended to a word before it is pushed onto 
the stack (since all stack operations are word 
operations). 


e PUSHA, POPA 


These instructions allow all of the general purpose 
80186 registers to be saved on the stack, or restored from 
the stack. The registers saved by this instruction (in the 
order they are pushed onto the stack) are AX, CX, DX, 
BX, SP, BP, SI, and DI. The SP value pushed onto the 
stack is the value of the register before the first PUSH 
(AX) is performed; the value popped for the SP register 
is ignored. 


This instruction does not save any of the segment regis- 
ters (CS, DS, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral 
registers. 


e IMUL by an immediate value 


This instruction allows a value to be multiplied by an im- 
mediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be in 
a register or in memory). The immediate value can be 
either a byte or a word, but will be sign extended if it is a 
byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 


This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 


and the second operand. Again, this second operand can. 


be any of the 80186 general purpose registers or a speci- 
fied memory location. 


e shifts/rotates by an immediate value 


The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 


immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 


All of the shift/rotate instructions of the 80186 allow 
the number of bits shifted to be specified by an immedi- 


ate value. Like all multiple bit shift operations per- — | 
formed by the 80186, the number of bits shifted is the 


number of bits specified modulus 32 (i.e. the maximum 


number of bits shifted by the 80186 multiple bit shifts is. 


3%). 


These instructions require two operands: the operand to 
be shifted (which may bea register or a memory location 
specified by any of the 80186 addressing modes) and the 
number of bits to be shifted. 


¢ block input/output 


The 80186 adds two new input/output instructions: INS 
and OUTS. These instructions perform block input or 
output operations. They operate similarly to the string 
move instructions of the processor. 


The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the DX 
register; the memory location is pointed to by the DI reg- 
ister. After the operation is performed, the DI register is 


~ adjusted by | (if a byte input is specified) or by 2 (ifa 
word input is specified). The adjustment is either an in- 


crement or a decrement, as determined by the Direction 
bit in the flag register of the processor. The ES segment 
register is used for memory addressing, and cannot be 
overridden. When preceeded by a REPeat prefix, this in- 
struction allows blocks of data to be moved from an I/O 
address to a block of memory Note that the I/O address 
in the DX register is not modified by this operation. 


The OUTS instruction performs block output from 
memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by the 
SI register. After the operation is performed, the SI reg- 
ister is adjusted by | (if a byte output is specified) or by 
2 (if a word output is specified). The adjustment is either 


Fee Te ee 


BS eee 
4° q 


Eee a lay 


* a Pike A , 
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an increment or a decrement, as determined by the Di- _ 


rection bit in the flag register of the processor. The DS 
segment register is used for memory addressing, but can 
be overridden by using a segment override prefix. When 
preceeded by a REPeat prefix, this instruction allows 
blocks of data to be moved from a block of memory to an 
I/O address. Again note that the I/O address in the DX 
register is not modified by this operation. 


Like the string move instruction, these two instructions 
require two operands to specify whether word or byte op- 
erations are to take place. Additionally, this determina- 
tion can be supplied by the mnemonic itself by adding a 
“B” or “W” to the basic mnemonic, for example: . 


INSB ; perform byte input 
REP OUTSW _ ; perform word block output 
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e BOUND 


The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 
purpose registers of the 80186. Located in two adjacent 
word memory locations are the lower and upper bounds 
for the array index. The BOUND instruction compares 

the register contents to the memory locations, and if the 
value in the register is not between the values in the 
memory locations, an interrupt type 5 is generated. The 
comparisons performed are SIGNED comparisons. A 
register value equal to either the upper bound or the low- 
er bound will not cause an interrupt. 


This instruction requires two arguments: the register in 
which the calculated array index is placed, and the word 
memory location which contains the lower bound of the 
array (which can be specified by any of the 80186 mem- 
ory addressing modes). The memory location containing 
the upper bound of the array must follow immediatly the 
memory location containing the lower bound of the 
array. 


e ENTER and LEAVE 


The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured languages. The instruction used to build 
these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 


PUSH BP /* save the previous frame 
pointer */ 
if level = 0 then 
BP := SP; b isos 
else temp! := SP; /* save current frame _ pointer 


if 


? 


| BEFORE 
BP 


SP 


Figure H-1. 
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temp2 := level - 1; 
do while temp2 > 0 /* copy down previous _ level 


frame */ 
BP:= BP-2; _/* pointers */ 
PUSH [BP]; 
BP := temp]; 
PUSH BP; /* put current level frame 
pointer */ 
/* in the save area */ 
SP := SP - disp; /* create space on the stack 


for */ 
/* local variables */ 


Figure H-1 shows the layout of the stack before and 
after this operation. 


This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables of 
this routine require. This is an unsigned value and can be 
as large as 65535. The second value (level) is an un- 
signed value which specifies the level of the procedure. It 
can be as great as 255. 


The 80186 includes the LEAVE instruction to tear down 
stack frames built up by the ENTER instruction. As can 
be seen from the layout of the stack left by the ENTER 
instruction, this involves only moving the contents of the 
BP register to the SP register, and popping the old BP 
value from the stack. 


Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 


OLD BP 
OLD FRAME 


CURRENT FRAME 
PTR 


LOCAL 
VARIABLE 
AREA 


ENTER instruction Stack Frame 
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APPENDIX I: 80186/80188 DIFFERENCES 


The 80188 is exactly like the 801 86, except it has an 8 bit 
external bus. It shares the same execution unit, timers, 
peripheral control block, interrupt controller, chip se- 
lect, and DMA logic. The differences between the two 
caused by the narrower data bus are: 


e The 80188 has a 4 byte prefetch queue, rather than 
the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes one 
byte ata time, the number of bus cycles required to 
fill the smaller queue of the 80188 is actually greater 
than the number of bus cycles required to fill the 
queue of the 80186. As a result, a smaller queue is 
required to prevent an inordinate number of bus cy- 
cles being wasted by prefetching opeodes to be dis- 
carded during a jump. 


e AD8-ADI1S5 on the 80186 are transformed to A8- 
A15 on the 80188. Valid address information is pre- | 
sent on these lines throughout the bus cycle of the 
80188. Valid address information is not guaranteed | 
on these lines during idle T states. 


* BHE/S7 is always defined HIGH by the 80188, 
since the upper half of the data bus is non-existant. 
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¢ The DMA controller of the 80188 peter 
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byte transfers. The B im W bit in ‘the DMA c 
word is bamaaes 


— tween the 80186 and the 80188, 
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a important point is that the 80188 inter 

16-bit machine. This means that any access 
to peripheral registers of the 80188 will be. 

bit chunks, NOT in 8-bit chunks. Alll internal 
eral registers are still 16-bits wide, and onlya: 
or write is required to access the registers. Wh N é 
cess is made to the internal Pages only a a sing le ; 


Wb accesses. 
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iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 


8086/8086-2/8086-1 
a Direct Addressing Capability 1 Arithmetic in Binary or Decimal 
MByte of Memory Including Multiply and Divide 
a Architecture Designed for Powerful =a Range of Clock Rates: 
Assembly Language and Efficient 5 MHz for 8086, 
High Level Languages. 8 MHz for 8086-2, 
= 14 Word, by 16-Bit Register Set with 10 MHz for 8086-1 
Symmetrical Operations s MULTIBUS™ System Compatible 


m 24 Operand Addressing Modes Interface 
w Available in EXPRESS 


a Bit, Byte, Word, and Block Operations - Standard Temperature Range 
a 8 and 16-Bit Signed and Unsigned - Extended Temperature Range 


The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. | 


EXECUTION UNIT BUS INTERFACE UNIT 
et _ - -~— } 
[ RELOCATION 

REGISTER FILE REGISTER FILE 


SEGMENT 


DATA. REGISTERS 
POINTER. AND AND | Vv 
INDEX REGS INSTRUCTION 1 ‘ef 
(8 WORDS) POINTER 
(5 WORDS) 2 AD15 
3 A16/S3 
4 A17/S4 
5 A18/S5 
6 A19/S6 
16-BIT. ALU 
ze BHE/S7 
8 MN/MX 
FLAGS ibe 
9 RD 


RQ/GTO (HOLD) 
RQ/GT1 (HLDA) 
(WR) 
(M/IO) 
(DT/R) 
i) (DEN) 
QSsoO_ (ALE) 
QSs1_—(INTA) 


H 25 
oO 
xz 


INSTRUCTION 
QUEUE 


+ LOCK 


CONTROL & TIMING 


40 LEAD 


' ' | ' 
CLK RESET READY MN/MX GND 
Vec 


Figure 1. iAPX 86/10 CPU Block Diagram Figure 2. iAPX 86/10 Pin Configuration 
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Table 1. Pin Description 


The following pin function descriptions are for iAPX 86 systems in either minimum or maximum mode. The “Local 
Bus”’ in these descriptions is the direct multiplexed bus interface connection to the 8086 iata regard to additional 
bus a 


Name and Function 


Address Data Bus: These lines constitute the time multiplexed memory/IO address (T}) 
and data (T2, T3, Tw, T4) bus. Ag is analogous to BHE for the lower byte of the data bus, 


the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use Ag to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus “hold 
acknowledge.” 


Address/Status: During Ti these are the four most signi- 
ficant address lines for memory operations. During I/O 
operations these lines are LOW. During memory and I/O 
operations, status information is available on these 
lines during T», T3, Tw, and T,. The status of the interrupt 
enable FLAG bit (Ss) is updated at the beginning of each 
CLK cycle. Ay7/S4 and A¢/S3 are encoded as shown. 


Alternate Data 
Stack 

Code or None 
Data 


0 (LOW) 
0 
1 (HIGH) 
1 
S¢ is 0 
(LOW) 


This information indicates which relocation register is 
presently being used for data accessing. 


These lines float to 3-state OFF during local bus “hold 
acknowledge.” 


Bus High Enable/Status: Saving Ti the bus high enable 
signal (BHE) should be used to enable data onto the 
most significant half of the data bus, pins D45-Dg. Eight- 
bit oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select func- 


Whole word | 


: ee si ‘ 3 : Upper byte from( 
tions. BHE is LOW during T; for read, write, and inter- to odd address 
rupt acknowledge cycles when a byte is to be transfer- Lower byte from/ 


to even address 


red on the high portion of the bus. The S7 status informa- 
tion is available during To, T3, and Ty. The signal is s active 
LOW, and floats to 3-state OFF in “hold.” It is LOW dur- 
ing T, for the first interrupt acknowledge cycle. 


Read: Read strobe indicates that the processor is performing a memory of I/O read cy- 
cle, depending on the state of the Sz pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active LOW during To, T3 and Tw of any read cycle, 
and is guaranteed to remain HIGH in T> until the 8086 local bus has floated. 


This signal floats to 3-state OFF in “hold acknowledge.” 


READY: is the acknowledgement from the addressed memory or I/O device that it will 
complete the data transfer. The READY signal from memory/IO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in- 
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 


interrupt Request: is a level triggered input which is sampled during the last clock cy- 
cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software resetting the inter- 
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution 
continues, otherwise the processor waits in an “Idle” state. This input is synchronized 
internally during each clock cycle on the leading edge of CLK. 


pins D7-Dpo. It is LOW during T; when a byte is to be transferred on the lower portion of | 
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i eee Table 1. Pin Description (Continued) 


Gooey = Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
sees : subroutine is vectored to via an interrupt vector lookup table located in system 
oie memory. NMI is not maskable internally by software. A transition from a LOW to HIGH 
ieee ; initiates the interrupt at the end of the current instruction. This input is internally syn- 
sah ? chronized. 
na Reset: causes the processor to immediately terminate its present activity. The signal 
| must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the Instruction Set description, when RESET returns LOW. RESET is internally syn- 
sacee ae chronized. ; 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 


The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = Vss). Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 


| S21 $4] So | Characteristics 


0; 0 


Status: active during T4, T;, and T2 and is returned to the 
passive state (1,1,1) during T3 or during Tw when READY 
is HIGH. This status is used by the 8288 Bus Controller 
-to generate all memory and I/O access control signals. 
Any change by So, S;, or So during Ty is used to indicate 
the beginning of a bus cycle, and the return to the pas- 
sive state in T3 or Tw is used to indicate the end of a bus 
cycle. 


Interrupt 
Acknowledge 
Read I/O Port 
Write /O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive 


These signals float to 3-state OFF in ‘hold acknowl- 
edge.” These status lines are encoded as shown. 


RQIGTo, 30, 31 /O | Request/Grant: pins are used by other local bus masters to force the processor to 
RQIGT, release the local bus at the end of the processor’s current bus cycle. Each pin is 
bidirectional with RQ/GTg having higher priority than RQ/GT;. RQ/GT has an internal 
1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 


pull-up resistor so may be left unconnected. The request/grant sequence is as follows 
(“hold’’) to the 8086 (pulse 1). 


(see Figure 9): 

2. During aT, or T; clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master 
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it will enter 
the ‘‘hold acknowledge” state at the next CLK. The CPU's bus interface unit is discon- 
nected logically from the local bus during ‘‘hold acknowledge.” 


3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that 
the “hold” request is about to end and that the 8086 can reclaim the local bus at the 
next CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead CLK cycle after each bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T,4 of the cycle when ail the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 


= 

Type Name and Function re 22 
= ies 

rete ae 

£ 


If the local bus is idle when the request is made the two possible events will follow: 


1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active | is 
memory cycle apply with condition number 1 already satisfied. | A ee Bs 


LOCK: output indicates that other system bus masters are not to gain control ofthe; ao 
system bus while LOCK is active LOW. The LOCK signal is activated by the ‘‘LOCK” Meee ae 
prefix instruction and remains active until the completion of the next instruction. This ce om 

signal is active LOW, and floats to 3-state OFF in “hold acknowledge.” | | res 


Queue Status: The queue status 28: _| 980 CHARACTERISTICS 


is valid during the CLK cycle | No Operation 


after which the queue operation First Byte of Op Code from uaiws 
is performed. Empty the Queue 

QS, and QSp provide status to /[1 Subsequent Byte from Queue 
allow external tracking of the 

internal 8086 instruction queue. 


% 
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The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Voc). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 


Froth 


r Mig ond “y 
Matas ape ay A ae Rela 


Status line: logically equivalent to S. in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T, preceding a bus cycle 
and remains valid until the final T, of the cycle (M= HIGH, 10 = LOW). M/IO floats to 
3-state OFF in local bus “hold acknowledge.” 


= 
| 


Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for To, Tz and Ty of any write cy- 
cle. It is active LOW, and floats to 3-state OFF in local bus ‘“‘hold acknowledge.” 


= 
on 
> 


3 
eee 


INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
To, T3 and Tw of each interrupt acknowledge cycle. 


Address Latch Enable: provided by the processor to latch the address into the 8282/ 
8283 address latch. It is a HIGH pulse active during T,; of any bus cycle. Note that ALE 
is never floated. 


ALE 


Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S; in the maximum mode, and its timing is 
the same as for M/IO. (T = HIGH, R= LOW.) This signal floats to 3-state OFF in local bus 
“hold acknowledge.” 


Data Enable: provided as an output enable for the 8286/8287 in a minimum system | 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the mid- 
dle of T4, while for a write cycle it is active from the beginning of T2 until the middle of 
T,. DEN floats to 3-state OFF in local bus “hold acknowledge.” 


HOLD, o1, 30 HOLD: indicates that another master is requesting a local bus ‘‘hold.” To be acknowl- ted! 
~HLDA edged, HOLD must be active HIGH. The processor receiving the “‘hold’’ request will SRS 
issue HLDA (HIGH) as an acknowledgement in the middle of a T; clock cycle. Simul- eee, 
taneous with the issuance of HLDA the processor will float the local bus and control ae 
lines. After HOLD is detected as being LOW, the processor will LOWer the HLDA, and a 
when the processor needs to run ann er cycle, it will again drive the ow bus and eo 
control lines. a: 4 
The same rules as for RQIGT apply regarding when the local bus will be released. | = 


s) 
a 
oe. 


HOLD is not an asynchronous input. External synchronization should be provided if the 1 eae 
system cannot otherwise guarantee the setup time. 2 oe ee 
s ~ aD 4 
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FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 


The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of 
Figure 1. 


These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Up to 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 


The instruction stream queuing mechanism allows the 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces ‘‘dead time’ on the memory bus. The queue 
acts as a First-In-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 


The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 


- descriptions. 


Local Data DATA (DS) 
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Memory Segment Register Segment 
Reference Need Used | Selection Rule 
| Instructions ss CODE (CS) Automatic with all instruction prefetch. 


STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. ‘ 


Data references when: relative to stack, destination of string 


operation, or explicitly overridden. 


External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 


MEMORY ORGANIZATION 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 


All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the perfor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 


Physically, the memory is organized as a high bank 
(D;5-Dg) and a low bank (D7-Do) of 512K 8-bit bytes 
addressed in parallel by the processor’s address lines 


Aig - A1. Byte data with even addresses is transferred on 
the D7-Do bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the D15-Dg bus lines. The process- 
or provides two enable signals, BHE and Ao, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 
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[p——Ts_ FFFFFH 


CODE SEGMENT 


XXXXOH 


STACK SEGMENT 


SEGMENT 
REGISTER FILE 


Figure 3a. Memory Organization 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the-stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task: multi- 
plexing. 


Certain locations in memory are reserved for specific. 
CPU operations (see Figure 3b.) Locations from address | 


FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
OOO0OH through OO3FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 
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MINIMUM AND MAXIMUM MODES - 


The requirements for supporting minimum and ‘ma x 
iAPX 86/10 systems are sufficientiy different tha they — 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equines Ha bea Dr. 


The definition of a certain subset of the pins chai 1 es. 7 
dependent on the condition of the strap pin. When 
MN/MX pin is strapped to GND, the 8086 treats’ pins 24 is Cece mA 
through 31 in maximum mode. An 8288 bus cont roller — a 
interprets status information coded into S0,81,S2t )gen- , 
erate bus timing and contro! signals compatible with a ‘ ie, 
the MULTIBUS™ architecture. When the MN/MX pin is rN 
strapped to Vcc, the 8086 generates bus control signals “8 
itself on pins 24 through 31, as shown in parentheses in 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. > ere 
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BUS OPERATION 


The 86/10 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-iead 
package. This ‘local bus” can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as Tj, To, Tz and Ty, (see 
Figure 5). The address is emitted from the processor 
during T, and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a “NOT 
READY” indication is given by the addressed device, 
“Wait” states (Tw) are inserted between T3 and T,4. Each 
inserted “Wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8086 bus cycles. 
These are referred to as “Idle” states (T,) or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 


During T, of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MxX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 


Status bits So, S;, and S> are used, in maximum mode, 


‘by the bus controller to identify the type of bus transac- 
tion according to the following table: 


a Tels CHARACTERISTICS 


0 (LOW) Interrupt Acknowledge 
Read 1/0 

Write /O 

Halt 

Instruction Fetch 
Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


Status bits S53 distal S7 are are multiplexed with fies: Deep seats So 5 
order address bits and the BHE signal, and are therefore Ss : a SAR 
valid during Tz through T,. S3 and S, indicate which i east 
segment register (see Instruction Set description) was — 
used for this bus cycle in forming the riled accord: 
ing to the following table: 


cy a 


Alternate Data (extra segment) 
Stack 

Code or None 
Data 


1 (HIGH) 
1 


hn: 
_ +3: a Ne Oe 

lt ns te Ms 

x ‘4 Sa 


Ss is a reflection of the PSW interrupt enable bit. Se=0 and => ne eee 


Fe 


S7 is a spare status bit. ; eee 


1/0 ADDRESSING 


In the 86/10, I/O operations can address up toa. cco 
of 64K I/O byte registers or 32K I/O word registers. The | 
VO address appears in the same format as the memory a ie 
address on bus lines A;5-Ap. The address lines Aro-Ate 3 es iach 
are zero in I/O operations. The variable \/O instructions 

which use register DX as a pointer have full address c apa- 
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page 0 at ba Be bane aen 
address space. oe - Bs 


/O ports are addressed in the same manner as a smory 
locations. Even addressed bytes are transferred on the 
D7-Do bus lines and odd addressed bytes on Dj5- -Dg. 
Care must be taken to assure that each register Wi 
an 8-bit peripheral located on the lower portion of ioe 
bus be addressed as even. 
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EXTERNAL INTERFACE 


PROCESSOR RESET AND INITIALIZATION 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFFOH (see 
Figure 3B). The details of this operation are specified in the 
Instruction Set description of the MCS-86 Family User’s 
Manual. The RESET input is internally synchronized to the 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must occur no sooner than 50 us after 
power-up, to allow complete initialization of the 8086. 


NMI may not be asserted prior to the 2nd CLK cycle fol- 
lowing the end of RESET. 


INTERRUPT OPERATIONS 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations 0 through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt ‘type’. An interrupting device supplies 
an 8-bit type number, during the interrupt acknowledge 


sequence, which is used to ‘‘vector” through the ap- 


propriate element to the new interrupt service Progra: Ce hte 


location. 


NON-MASKABLE INTERRUPT (NMI) 


The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set Beetrs. 
tion.) 


NMI is required to have a duration in the HIGH state “a 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 


block-type instruction. Worst case response to NMI — 


would be for multiply, divide, and variable shift instruc- 


tions. There is no specification on the occurrence ofthe . : 


low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 


MASKABLE INTERRUPT (iINTR) 


The 86/10 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 


interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 


edge of CLK. To be responded to, INTR must be present 


(HIGH) during the clock period preceding the end of the | 


current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 


Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 


stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 


acknowledge cycles. The 8086 emits the LOCK signal 
_ from T> of the first bus cycle until Tz of the second. A 


local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 


pointer into the interrupt vector lookup table. An INTR 


signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 


: HALT 
' When a software “HALT” instruction is executed the 


processor indicates that it is entering the “HALT” state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S.5;Sp and the 8288 bus controller issues one ALE. The 


8086 will not leave the “HALT’’ state when a local bus’ 


“hold” is entered while in ‘HALT’. In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the ‘““HALT”’ 
state. 


READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 


during the execution of an instruction. This provides the 
_ processor with the capability of performing read/modify/ 


write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish ‘“‘test 
and set lock’’ operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software “LOCK” prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the instruction following the “LOCK” 
prefix instruction. While LOCK is active a request on a 
RQ/GT pin will be recorded and then honored at the end 
of the LOCK. 


EXTERNAL SYNCHRONIZATION VIA TEST 


As an alternative to the interrupts and general I/O 
capabilities, the 8086 provides a single software- 
testable input known as the TEST signal. At any time the 
program may execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program execution 
becomes suspended while the processor waits for TEST 
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to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re-executed 
repeatedly until that time. This activity does not con- 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
“Hold’is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 


BASIC SYSTEM TIMING 


Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to Vcc and the proc- 
essor emits bus control signals in a manner similar to’ 
the 8085. In maximum mode, the MN/MxX pin is strapped 
to Vss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il- 
lustrates the signal timing relationships. 


ACCUMULATOR 
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Figure 7. iAPX 86/10 Register Model 


SYSTEM TIMING — MINIMUM SYSTEM 
The read cycle begins in T, with the assertion of the 


Address Latch Enable (ALE) signal. The trailing (low- 


going) edge of this signal is used to latch the address 
information, which is valid on the local bus at this time, 
into the 8282/8283 latch. The BHE and Ap signals 
address the low, high, or both bytes. From T; to T, the 
M/IO signal indicates a memory or I/O operation. At T> 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at T>. The read (RD) signal causes the 
addressed device to enabie its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) is required to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 


A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the To immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T,. During To, T3, and Tw the processor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T> as opposed to the read 
which is delayed somewhat into T> to provide time for 
the bus to float. 


The BHE and Apo signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 


CHARACTERISTICS 


Whole word 
Upper byte from/ 


to odd address 


Lower byte from/ 
to even address 


None 


/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D7-Dp bus lines and odd addressed bytes on D;5-Dg. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 
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For medium size systems the MN/MX pin is connected to 


read (RD) signal and the address bus is floated. (See = 
Figure 6.) In the second of two successive INTAcycles, = = 
a byte of information is read from bus lines D7-Do as irene 
supplied by the interrupt system logic (i.e., 8259A Prior- Sree 
ity Interrupt Controller). This byte identifies the source oO e ge 
(type) of the interrupt. It is multiplied by four and used sre 
as a pointer into an interrupt vector lookup table, aS ts” 
described earlier. ) vetahae | Fe: 
BUS TIMING—MEDIUM SIZE SYSTEMS  —— aS pose 


é 
Vss and the 8288 Bus Controller is added to the system as 5 ees 3 
well as an 8282/8283 latch for latching the system address, aa 
and a 8286/8287 transceiver to allow for bus loading = 
greater than the 8086 is capable of handling. Signals ALE, 3 
DEN, and DT/R are generated by the 8288 instead of the 


processor in this configuration although their timing re- Pie ak 
mains relatively the same. The 8086 status outputs (S2, S;, So ee 
and So) provide type-of-cycle information and become = ~~ 
8288 inputs. This bus cycle information specifies read Saas 
(code, data, or I/O), write (data or I/O), interruptacknowl- it” 
edge, or software halt. The 8288 thus issues control = = — 


signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of raphe cares 
write strobes, normal and advanced, to be applied asre- 
quired. The normal write strobes have data valid at the _ ean 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, andhence dataisn’tvalid 


at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and OE inputs from the 8288’s DT/R ye ee 
and DEN. Bee 


The pointer into the interrupt vector table, which is partic 
passed during the second INTA cycle, can derive from os 
an 8259A located on either the local bus orthe system = 
bus. If the master 8259A Priority Interrupt Controller is ie = 


positioned on the local bus, aTTL gate is required to Boe 
disable the 8286/8287 transceiver when readingfromthe = 
master 8259A during the interrupt acknowledge ea NN 
sequence and software ‘“‘poll’’. se 
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8086-2 


Clock Input High Voltage 


Capacitance of Input Buffer 
(All input except _ 
ADg— ADi5, RQ/GT) 


Capacitance of I/O Buffer 
(ADg— AD;5, RO/GT) 
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.C. CHARACTERISTICS 


ee 
se Poe J — 
on Pa es 
ee ee 

7 é a 
vg vat 


(8086-2: Ta = 0°C to 70°C, Voc = 5V + 5%) 


MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 


8086 8086-1 (Preliminary) | _—=—8086-2 | u 


CLK Cycle Period 


TCLCH 


x 


TCH1CH2 


CLK Rise Time 


TCL2CL1 CLK Fall Time 


‘TCHCL | CLKHighTime | 69 | 


TDVCL Data in Setup Time 
-TCLDX Data in Hold Time — 


TRIVCL RDY Setup Time 
into 8284A (See 
Notes 1, 2) 


RDY Hold Time 
into 8284A (See 
Notes 1, 2). 


READY Setup | 
Time into 8086 


READY Hold Time 
into 8086 


READY Inactive to 
CLK (See Note 3) 


THVCH HOLD Setup Time 


TINVCH 


TCLR1X 


TRYHCH 


TCHRYX 


TRYLCL 


INTR, NMI, TEST 
Setup Time (See 
Note 2) 


TILIH Input Rise Time ee 
(Except CLK) ; a I 
— TIHIL Input Fall Time ns From 2.0V to. t, 
(Except CLK) Gav ore 


OS > 
gts ae 
¥ swe Aik 


az 


S othe a ee 3 -- ae hs . ‘ eae 
<t A ie ms " 92 = 4 - . z “= . . «@ 
ee i ea oe Sos Cee SA Sey eS Ff 
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A.C. CHARACTERISTICS (Continued) __ | : Se aaagiaS © e 
TIMING RESPONSES 


4 ae 


<-e 
ny 
i> 


Parameter | 8086 8086-1 (Preliminary) 8086- 


ie es ~ Ee ¢ t 
6 So ee ae “ae F, 
aston Pe 
Se i ee 
whoa kat i 2 
z 2 ty ° —_ 
: . 
> 
r i 4 
¥ 


| Address Valid Delay 
- Address Hold Time ae 


% ‘Address Float 
| Delay 


ALE Width TCLCH-20 


eS ALE Active Delay 


ALE Inactive Delay 


it 


3 
i 
g & . 


TCLCH-—10 TCLCH-10 


i 
i=) 


| Control Active 
| Delay 1 

¥ | Control Active 
Delay 2 


[Xx | Control Inactive 


| Address Hold Time | TCHCL-10 ~ TCHCL-10 TCHCL-10 
; | to ALE Inactive 
| TCLDV | Data Valid Delay *C, = 20-100 pF 
CHDX | DataHold Time — for ath epee Out: 
fe puts (in addi- 
| TWHDX | Data Hold Time TCLCH-30 TCLCH—25 TCLCH-30 tion to 8086 self- 
| After WR a load) 


3 


o 


TCLCL-—45 TCLCL-—40 


2TCLCL-75 2TCLCL— 2TCLCL— 
2TCLCL-—60 2TCLCL-—35 2TCLCL—40 
TCLCH-—60 TCLCH-—35 TCLCH-—40 


\ 


-From 0.8V to.. 
20V 


| TOHOL Output Fall Time 12 From 2.0V to 
=a ao , 0.8V 
NOTES: eee 
_ 1, Signal at 8284A shown for reference only. ; 
ae 2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3). 
= et ioe te! ar Se : °F gph : Sada pa: oh es Pitty Sis eee APG - 
es al ar é, ‘' ~ Hy - : i : é a ; : + $346 : ¥ i £ - .¥* » = bs ; : eke Y AFN-01497D ' an 


DEVICE 
UNDER 
TEST 


1.5 <—— TEST POINTS ——® 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
ee i orcs. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
IC “1° AND “0.” 


WAVEFORMS 


| MINIMUM MODE - 7 Ta. | 


’ TCLCL TCHICH2> . TCL2CL1 / bse) 
’ Vou . ; 


CLK (8284A Output) 7 \ ae ree 
Vou | Se oe 

TCHCTV aa BGS ; ase Ewe) & 

' - , ; a - call on t 


TCHDX -> 


Md 
SD GS CS nD Gn | 
cceratemn aa - 4 


TCLLH-> “4 Bia ir 
7 is ft” 3 ad 5 ee : 
ALE N i Vises: ¢ 
: aE 


~TAVAL 
TCHLL—'! <— TRIVCL 


Vin - 7 
ganar Feeeee, Gh A AS 
SEE NOTE 4 Viv \ ake 
OS SRLS. 
TRYLCL—> is ennsa 
Sht eo 
é i + = er 
| “it - 
READY (8086 Input) =1 eee 
| —»|  |+—TCHRYX pets Pig 
TAVAL TRYHCH—> — ; a ee 
TLLAX | z ert: 
TCLAV ee TCLAZ TDVCL——+}+-TCLDX HU 
; -TCLAX a 
2 A ( Av-ado |) ¢ OATAIN a = 
~ _ ee (Ase ADo | FLOAT : 
TRHAV 
RD 
READ CYCLE | 
— TCHCTV TCLAL |+— TRLRH TCHCTV 
(NOTE 1) } | P 
(WR, INTA = Von) DT/A 
TCVCTV—> 
DEN ce 
i : — 
{ ! - M . 
Ys ie . i - ie “ =" ay ae i Tl aay ms 
~~ =. .% : ; | a : : f? nt e x 5 Ys 
ES ST ACE Om fram dk 
: 4 see 2 POOR a Ce Aa a 
‘ Bigs Sic AS Sea ie Ra yc 
Cee RL he eee AG oe 
¥ he ay a" Ca, Bie tee he see” pai” as 


1APX 86/10 en 
ee MINIMUM MODE (Continued) | . 
Ak ; Ty Te T3 Tw ar) 
tae Bin gee ee | - TCLCL TCHICH2 TCL2CL1 
—s Vou 
“CLK (6284 Output) 
‘ _ WRITE CYCLE 
7 (NOTE 1 DEN 
(RD, INTA, 
DT/R = Vou) 
Se eet ee TCVCTX—> 
pea: be oe eee F TOVCL—~ TELOK ; 
aes GAs awed | |) rome! Xr 
ST Rae 2am tay! =e TCHCTV 
See eg iotse Ss RTADYCLE DTA 
Spe) > NOTES 1&9) 
St ey nee 0, Wii= Von TCVCTV—> 
; ; a BHE = Vou) | 
SOFTWARE HALT— pores HALT 
- RD, WR, INTA = Von ee INVALID ADDRESS 
__ DT/R = INDETERMINATE TCLAV 
See exe All signals switch between Voy and Vo, unless otherwise specified. 
Pee 8 RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 
8. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control moons shown 
_ for second INTA cycle. 
__ 4. Signals at 8284A are shown for reference only. i 
All timing measurements are made at 1.5V unless otherwise noted. 
rd vi ¥ : ; 7 * : ; ¥~ s <= : - x - 3 VJ Cane Oa te a) ae 
adc SOE LOCC ane ee eS OS SACI Bs Sr Ae ag a 
as Ss a ak 3 5 : a * sts i fe # yrs e ; ; ’ mo wee 4 Bf : sy t= : eg € si ap os ie = >. = 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


Seca STs ey eee nay ee ee ed 
rotor | Geant | ewe, tos 


TRIVCL RDY Setup Time a 
into 8284A (See 
Notes 1, 2) 


5 


. 


Fi TCLR1X RDY Hold Time 
into 8284A (See 
' Notes 1, 2) 
TRYHCH 
TCHRYX 
TRYLCL READY Inactive to 
CLK (See Note 4) 


TINVCH | Setup Time for 
Recognition (INTR, 


NMI, TEST) (See 


Note 2) 


raven | Ra@eT sup Tine | ao Le te 


TCHGX RQ Hold Time into 
8086 
TILIH Input Rise Time 


READY Setup Time 
into 8086 


READY Hold Time 
into 8086 


. (Except CLK) 
TIHIL Input Fall Time 
(Except CLK) 


NOTES: rt 
1. Signal at 8284A or 8288 shown for reference only. ; 

2. Setup requirement for asynchronous signal only. to guarantee ermeen at next CLK. 
3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 


REMC geo es as AB aa 
_ A.C. CHARACTERISTICS (Continued) 
- | TIMING RESPONSES | 
Pee <r ea RESPONS : 
alec Tie | Test 
_ Parameter «8086 8086-1 (Preliminary) 8086-2 (Preliminery) Conditions 
| Command Active 
- Delay (See Note 1) 
1 Command inactive — 10 ns 
Delay (See Note 1) 
_ READY Active to 
_ Status Passive (See 
Note 3) 


—e 
—_ 
° 
— 
°o 


Status Active Delay 


Status Inactive 
; Delay 


| 
=) 


Address Valid 

| Delay 

| Address Hold Time 

_| Address Float Delay 
_ Status Valid to ALE 

| High (See Note 1) 

_ Status Valid to 
MCE High (See 

— Note 1) : 
_ CLK Low to ALE 

| Valid (See Note 1) 

~ CLK Low to MCE 
High (See Note 1) 


ALE Inactive Delay 
(See Note 1) 


>L_ | MCE Inactive Delay 


Cy, = 20-100 pF 
for all 8086 Out- 
puts (In addi- 


Ao: oe (See Note 1) wat P 8086 self- 
_ | TCLDV_—|_ Data Valid Delay 
TCHD) Data Hold Time 


Control Active 
Delay (See Note 1) 


Control Inactive 
Delay (See Note 1) 


Address Float to 
Read Active 


RD Active Delay 
RD Inactive Delay 


o 


7 


RD Inactive to TCLCL—45 TCLCL-35 TCLCL-—40 


Next Address Active 


’ 
* 
ny 
. j 
\ 
, ‘ 
‘ : 
e 
: 
i+ 


Direction Control 
Active Delay (See 
~ Note 1) 


Direction Control 
Inactive Delay (See 
Note 1) 


2TCLCL-— 75 2TCLCL-—40 2TCLCL-—50 


pes a a2 
Fae - 2 
ARO eae 
ee : 


—% 


From 0.8V to 

2.0V 
From 2.0V to J 
0.8V ies 


' ‘ ; i L ee 
— 3-352 RR sect ase Le tate yar 


> - 


a 


CLK 
QSo,QS; 
§2,51,59 (EXCEPT HALT) 
BHE/S7, Ai9/Se-Arg/S3 
ALE (8288 OUTPUT) 
SEE NOTES 
RDY (8284A INPUT) 
READY (8086 INPUT) 
- READ CYCLE 
AD15-ADo 
RD 
\ 
DTA 
8288 OUTPUTS } Foc op 
SEE NOTES 5,6 lORC 
DEN 
4 + an : “ 2. 7 
2 252 3 4024 peat x 
+2. > oe tet, ae wee fa 54 » 
: es aon Fe rst : cs Sie at , 
2 i ode 7 +ret.? hes ‘ 2S 


| 
TCHICH2- 
TCLCL 


TCLAV 


1 a8 Xe Pe ee 
: =F pet 
ae 7 
DX teens XT TD 


TSVLH 
TCLLH See 


<—Thivel 


(SEE NOTE 8) 


TCLAV—+| _—elTCLAZ | Sevietecd 


(DATAIN | See 


Ce) 


TCHDTL—>|  |=— sOrRAL 


TCLML—~> 


TCVNV—+| 


) 


. TCVNX — oe 


4 
’ 
a ee 
. = ae 
.. o% ' 
_—/ = & 
— oN é 
oi et 
+e 5 ne ae 
PS “,: “ 
a fhe eae 
enue 7 re a 
= ae a a, Seats 


e TRHAV- | <8 


; 
‘ J ~ oe, 
-. » 
™“ 
4 x 
q 
A 
on 


‘ 


- Bis Be a : 
: 2 2% : 
‘yg: ie 
a “ 
hear? 


- TCHDTH > 


‘ Tw 


ven : 


ane joi ie wae 


TCHDX—> 


a 2 ae 
aor ‘ DEN 
_ 8288 OUTPUTS | 
SEE NOTES 5,6 AMWC OR AIOWC 
% | =" r at 


53,5;,50 (EXCEPT HALT) 
- ware CYCLE I TCLAV- 


em MWTC OR IOWC 
’ | 
INTA CYCLE . 
AD15-ADo FLOAT RESERVED FOR wand Fe 
(SEENOTES3&4) CASCADE ADDR FLOAT | | FLOAT 
; “ 5 i I >. 
— TCLAZ ' TOVehe | Fi FE}Dx 


i 
= \ POINTER 
er | |" "BLoaT a { _Powren | FLOAT 


TCLMCL-| =— 


TSVMCH— r-- 
» P / 
‘MCE! ee 
PDEN TCLMCH-> as ili 
DT/R 
e288 OUT INTA 
SEE NOTES 5,6 Fes 
i +TCLMH 
—e|\ 1 TCVNV ey. Tevet 
DEN | 
SOFTWARE HALT — TCVNX —> 


(DEN = Vo.;RD,MROC,IORC, MWTC,AMWC,IOWC,AIOWG, INTA, = Von) 


ADi5-ADo INVALID ADDRESS 


NOTES: 
1. All signals switch between Voy and Vo, unless otherwise specified. 
_ 2. RDY is sampled near the end of To, T3, Ty to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. [et 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWG, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

o All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in State just prior to T,. 
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cIMUM | MODE (Continued) é “i Rf Wy See 


“WAVER FORMS (Continued) 


ASYNCHRONOUS SIGNAL RECOGNITION | 


ts 
at 


aes 
iw vy a 
a 7 


CLK 


me 


5% 


+ tS 


Ne er ee Bree se 


Ps 


NMI TINVCH (see note 1) 


- » 
~ 2 


INTR | signal 


TEST ( 
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
*NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle =a Any CLK Cycle 7 


—> TCLAV |-— 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


+-——- Any CLK Cycle —-#|/«-— > 0 CLK Cycle —+! 


a. ee ee oe 


+ —TGVCH ar 2 TCLCL-—_—_--———-+ 
‘TSet.—— r TCHGX = -={TCLGL/~ —- | |* TCLGH 

PULSE 1 : PULSE 3 

COPROCESSOR PULSE2 | COPROCESSOR 

_ 8086. GT RELEASE 


Previous grant 


AD;5-ADo 
555 J/S3 ; 8086 - COPROCESSOR 
BHE/S7 7 (SEE NOTE 1) 


NOTES. i. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


-21 cLK arSte x =-—10R2 sear as 
le—THVCH 


= TCLHAV 


AD15-ADo, 
AreSe-ArolSs. 


7, MIIO, 


= to regestes[eettory ’ 


Memory 10 accumulator 
aa’ vlator to Lanes sd 


iy 


anes register : 


ad 
Register memory with register 
‘ ne mone segarice | 


“our = Output t to: 

eA ° Fived pete. oy 

oe "Variable oe ae 
< HUT -Transiate byte to AL 


- 108-Loas pointer to 0S 
z _LES-Load pointer to és 


a F Store AH into flags 
2 -PUSHF=Push flags 


| - Amare 
ROD Aa 


‘Immediate to register/memory 
Immediate to accumulator 


INC = increment: 

< Register/memory 
Register 

_ AAA=ASCII adjust for add 

© GAA=Decimal adjust for add 


2 Da = Subtract: 


Reg. /memory and register to either 
_ Immediate trom register/memory 


bs parnoniate from accumulator 


"SB - Subtract with borrew 


ay 


ee 


_ Immediate from register/memory 
Immediate from accumulator 


Pi 


! ster/memory tovtrom register 


Ss “Reg /memory with register to either 


Reg. Imemory with register to either 


TOOT 00d w [nod fey Tn] 


Ki FPS 
01000 reg — 


[00100111] 


eee ‘memory and register to either 


7001108» [nod eqn] 
Ho0000se [moot tim | da | dalatsw i 


O001110w] daa | catatw 


i ‘Mnemonics Ointel, 1978 


76543210 76543210 


10001101 [mod reg im _| 
11000101 [mod reg 


11000100 |mod reg t/m | 


0900004 w|mod reg _t/m_| 


rd0000sw|mogd10 1m | daa _| @aatew i] 
CT a 


001010dw|mod reg _r/m_| 


eee tee |ntre ie | aa Tats 


fooro110w] ata | tant 


76543210 76543210 


DEC Decrement: 
Register /memory 


76543210 76543210 76543210 76543210 


Register 


WEG Change sign 


CMP Compare: 


Register/memory and register 


Immediate with register/memory 


ped eer See aa 


Immediate with accumulator 
AAS ASCII adjust for subtract 
DAS Decimal adjust for subtract 
MUL Multiply (unsigned) 

IMUL integer multiply (signed) 
AAM ASCII adjust for multiply 
DIV Divide (unsigned) 

IOI integer divide (signed) 

AAD ASCII adjust for divide 
CBW Convert byte to word 

CWO Convert word to double word 


LOGIC 

NOT Invert 

SHL/SAL Shitt logical /arithmetic lett 
SHR Shift logical right 

SAR Shift anthmetic right 

ROL Rotate left 

ROR Rotate right 

ACL Rotate through carry flag left 
ACR Rotate through carry right 


riot w [modo 10m | 
P0100 w [rod 00 1m | 


AND And: 

Reg /memory and register to erther 
Immediate to register/memory 
Immediate to accumulator 


OR Or: 

Reg /memory and register to either 
Immediate to register /memory 
Immediate to accumulator 


XOR ~~ Exclusive or: 
Reg /memory and register to either 


1000000m CL a eee AT 


Immediate to register/memory 
immediate to accumulator 


STRING MANIPULATION ‘ 
REP=Repeat 

MOVS=Move byte/word 
CMPS=Compare byte/word 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 
STOS=Stor byte/wd from AL/A 


Mnemonics © Intel, 1978 Sis a Poe, 


RE eas A 7 : righ $3 sa) i 
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Table 2. Instruction Set Summary (Continued) 


CONTROL TRANSFER 
CALL = Call: 
Direct within segment 


76543210 76543210 76543210 


11101000]  dapow [| _dsohioh |] 


Indirect within segment 
Direct intersegment 


Indirect intersegment 


JMP = Unconditional Jump: 
Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


RET = Return from CALL: 

Within segment 

Within seg. adding immed to SP 
Intersegment - 
Intersegment. adding immediate to SP 


JE/JZ=Jump on equal/zero 
spain on less/not greater 


data-high 


val 
JLE/JNG= “lump On less or equal/not 
eater 
JB/JNAE Jump on below/not above 
equa 
JBE/JWASJump on below or equal/ 
ve 


not a 
JP/JPE=Jump on parity/parity even 


ciiiooo0] asp 
crry1000] dsp} 


JO=Jump on overtiow 
J8=Jump on sign 


JME/JNZ=Jump on not equal/not zero 
JNL/JGE=Jump on not less/greater 


or equal 
JNLE/JG=Jump on not less or equal/ 
greater 


Footnotes: 


AL = 8 bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive: : 
Less = less positive (more negative) signed values 

if d = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0°, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, diated is absent 
if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Di) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (DI) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


—716543210 


76 e 4 3 on As ides 
JNB/JAE - Jump on not below/above 


equa 
JNBE/JA- ba het on not below or 
equal/above © 

JNP/JPO-Jump on not par/par odd 


JNQ=-Jump on not overflow 
JNS Jump on not sign 
LOOP Loop CX times 


LOOPZ/LOOPE Loop while zero/equal 

LOOPNZ/LOOPNE Loop while not 
zero/equal 

JCXZ- Jump on CX zero 


jn fy | 
INT Interrupt 
Type specitied 
Type 3 
INTO Interrupt on overflow 
IRET Interrupt return 


PROCESSOR CONTROL 
CLC Clear carry 
CMC Complement carry 
STC Set carry 
CLO Clear direction 
STO Set direction 
CLI Clear interrupt 
STI Set interrupt 
HLT Halt 
WAIT Wait 
"ESC Escape (to external device) 
LOCK Bus lock prefix 


eran 


oN 
“ 


Ne 
+5 


if s;w=01 then 16 bits of immediate data form the operand. 
if s:w=11 then an immediate data byte is sign extended to 
form the 16-bit operand. .7 
if v=0 then ‘‘count’’ = 1; if v=1 then ‘‘count’’ in (CL) 
x = don't care 
2 is used for string primitives for comparison with uF FLAG. 


SEGMENT OVERRIDE PREFIX 
001 1reg 110 é 


REG is assigned according to the following table: 


16-Bit (w = 1) B-Bit (w = 0} Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 0S 
100 SP 100 AH 
101 BP 101. CH. 
110 SI 110 OH 
111 Ol 111. BH 


Instructions which reference the flag register file as a IG-bit object use 
ithe symbol FLAGS to. mpreaent the file: 


FLAGS = XXX2X:(OF) (OF) (IF) (TF) (SF) (A): X(AR):X (PF) X:(CF) 


» 5 
: Hey 4 ar ve 
: ee gh 2 i“ \ wien Nes 
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iAPX 186 
HIGH INTEGRATION 16-BIT MICROPROCESSOR 


= Integrated Feature Set = Direct Addressing Capability to 
—Enhanced 8086-2 CPU 1 MByte of Memory 
-—Clock Generator | 
—2 Independent, High-Speed DMA =. Completely Object Code Compatible 
Channels with All Existing iAPX 86, 88 Software 
—Programmable Interrupt Controller —10 New Instruction Types 


—3 Programmable 16-bit Timers = Complete System Development 
—Programmable Memory and Support | 


Peripheral Chip-Select Logic —Development Software: Assembler, 
—Programmable Wait State Generator PL/M, Pascal, Fortran, and System 


—Local Bus Controller Utilities 
a Available in 8 MHz (80186) and cost —In-Circuit-Emulator (I21ICE™-186) 
effective 6 MHz (80186-6) versions. —iRMX™ 86, 88 Compatible (80130 
a High-Performance Processor OSF) 
—2 Times the Performance of the 
Standard iAPX 86 = High Performance Numerical 
—4 MByte/Sec Bus Bandwidth Coprocessing Capability Through 
Interface 8087 Interface 
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Figure 1. iAPX 186 Block Diagram 
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The Intel iAPX 186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 effectively : 


combines 15-20 of the most common iAPX 86 system components onto one. The 80186 provides two times 
greater throughput than the standard 5 MHz iAPX 86. The iAPX 186 is upward compatible with iAPX 86 and 88 
software and adds 10 new instruction types to the existing set. 


BOTTOM 


[| INT2/INTAO 
|_| INTS/INTA1 


wr/aQs1 
BHE 
A19/S6 
A18/S5 
A17/S4 
A16/S3 


Figure 2. 80186 Pinout Diagram 


Table 1. 80186 Pin Description 


Name and Function 


System Power: + 5 volt power supply. 
System Ground. | 


Reset Output indicates that the 80186 CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 


Crystal Inputs, X1 and X2, provide an external connection for a fundamental mode 
parallel resonant crystal for the internal crystal oscillator. X1 can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented X1. The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 


System Reset causes the 80186 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80186 clock. The 80186 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This input 
is provided with a Schmitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 80188 will drive the status lines to an inactive level | 
for one clock, and then tri-state them. 
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TEST is examined by the WAIT instruction. If the TEST input is HIGH when 
“WAIT” execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which time-execution will resume. If interrupts 
are enabled while the 80186 is waiting for TEST, interrupts will be serviced. This 
input is synchronized internally. 


TMR IN 0, Timer Inputs are used either as clock or control signals, depending upon the 
TMR IN1 programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 


transitions are counted) and internally synchronized. 
TMR OUT 0, 
TMR OUT 1 


DRQO DMA Request is driven HIGH by an external device when it desires that a 
DRQ1 DMA channel (Channel 0 or 1) perform a transfer. These signals are active 
HIGH, level-triggered, and internally synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter- 
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 


INTO, INT1, Maskable Interrupt Requests can be requested by strobing one of these pins. 


INT2/INTAO When configured as inputs’ these pins are active HIGH. Interrupt Requests are 
INTS/INTA1 synchronized internally. INT2 and INT3 may be configured via software to 
: provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode is selected, the function of these pins 

changes (see Interrupt Controller section of this data sheet). 


A19/S6, . Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
A18/S5, significant address bits during T;. These signals are active HIGH. During To, 
A17/S4, T3, Tw, and 14, status information is available on these lines as encoded 


A16/S3 
poss? yy We te ee Aigh~ 
Processor Cycle DMA Cycle 


S$3,S4, and S5 are defined as LOW during To-T4. 


AD15-—AD0O Address/Data Bus (0-15) signals constitute the time mutiplexed memory or I/O 
address (T;) and data (To, T3, Tw, and T4) bus. The bus is active HIGH. Ag is 
analogous to BHE for the lower byte of the data bus, pins D7 through Do. It is 
LOW during T; when a byte is to be transferred onto the lower portion of the 
bus in memory or I/O operations. 


During T; the Bus High Enable signal should be used to determine if data is to 
be enabled onto the most significant half of the data bus, pins Dj5-Dg. BHE is 
LOW during T for read, write, and interrupt acknowledge cycles when a byte is 
to be transferred on the higher half of the bus. The S7 status information is 
available during To, T3, and T4. S7 is logically equivalent to BHE. The signal is 
active LOW, and is tristated OFF during bus HOLD. 


BHE and AO Encodings 


AO Value | Function 
0 
0 : 
1 0 
1 1 


Word Transfer 

Byte Transfer on upper half of data bus (D15-D8) 
Byte Transfer on lower half of data bus (D7—Do) 
Reserved 
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Table 1. 80186 Pin Description (Continued) 


Name and Function 


Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are | — 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T, of the | 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 8086. The trailing edge is generated off the CLKOUT rising edge in T; as 

in the 8086. Note that ALE is never floated. 


Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an I/O device. WR is active for To, T3, and Tw of any write 
cycle. It is active LOW, and floats during “HOLD.” It is driven HIGH for one clock 
during Reset, and then floated. When the 80186 is in queue status mode, the | 
ALE/QSO and WR/QS1 pins provide information about processor/instruction | oe: 
queue interaction. Rts 


Queue Operation eases 


a = 


ah is oy 
‘ : we 33 ed ete ot 
A ie t 4 Bh 
y ; te he a ‘ws. a { + 2 Ae * ahh 0 
Mh, SL See Sy deny he eg ee 
@ Tb ect Sd ‘, os Ne tie mel Mid AAP et emer 


a 


No queue operation ae 
First opcode byte fetched from the queue Set 
Subsequent byte fetched from the queue ae 
Empty the queue Aas Set z 
Read Strobe indicates that the 80186 is performing a memory or I/O read cycle. 5 EEE REN. 
RD is active LOW for To, T3, and Tw of any read cycle. Itis guaranteed not to go pea aerres 
LOW in Ta until after the Address Bus is floated. RD is active LOW, and floats pe tek 


during “HOLD.” RD is driven HIGH for one clock during Reset, and then the - Separnyes 
output driver is floated. Aweak internal pull-up mechanism onthe RDline hols | — Ber 

it HIGH when the line is not driven. During RESET the pin is sampled to ai batees: 
determine whether the 80186 should provide ALE, WR, and RD, or if the Se es iNet 
Queue-Status should be provided. RD should be connected to GND to provide : 
Queue-Status data. 


oe a 6 
Sr petals” 207) 
eel OX an) 


Asynchronous Ready informs the 80186 that the addressed memory space or 
I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to Vcc, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. 


Synchronous Ready must be synchronized externally to the 80186. The use of Pa po é 
SRDY provides a relaxed system-timing specification on the Ready input. This | = = = 
is accomplished by eliminating the one-half clock cycle which is required for 
internally resolving the signal level when using the ARDY input. This line is 

active HIGH. If this line is connected to Vcc, no WAIT states are inserted. caret: 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active Bae os ates 
before a bus cycle is terminated. If unused, this line should be tied LOW. on 


LOCK output indicates that other system bus masters are not to gain control of ee. é 
the system bus while LOCK is active LOW. The LOCK signal is requested by the soot See 
LOCK prefix instruction and is activated at the beginning of the first data cycle Pees, 
associated with the instruction following the LOCK prefix. It remains active ant 
until the completion of the instruction following the LOCK prefix. No pre- | | ed 
fetches will occur while LOCK is asserted. LOCK is active LOW, is driven HIGH SETAE 
for one clock during RESET, and then floated. If unused, this line should be haan 
tied LOW. | 

iad 
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Table 1. 80186 Pin Description (Continued) 


Type 


Bus cycle status S0O-S2 are encoded to provide bus-transaction information: 


S| 86 |Buscycletnitiates 
0 
1 
0 
1 
0 
1 
0 
1 


Interrupt Acknowledge 
Read 1/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


“~~ tit st = OOO O . 


—_— = OO =| =| OO = 


The status pins float during “HOLD.” 
S2 may be used as a logical M/IO indicator, and Si as a DT/R indicator. 


The status lines are driven HIGH for one clock during Reset, and then floated 
until a bus cycle begins. 


HOLD (input) 
HLDA (output) 


HOLD indicates that another bus master is requesting the local bus. The 
HOLD input is active HIGH. HOLD may be asynchronous with respéct to the 
80186 clock. The 80186 will issue a HLDA (HIGH) in response to a HOLD 
request at the end of T4 or T;. Simultaneous with the issuance of HLDA, the 
80186 will float the local bus and control lines. After HOLD is detected as 
being LOW, the 80186 will lower HLDA. When the 80186 needs to run 
another bus cycle, it wil! again drive the |ocal bus and control lines. 


Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-—256K block) of memory. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. ; 


Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. This line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 


38,37 ,36,35 Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 


MCS0-3 are software programmable. 


— © 


aa 
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Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). These lines are not floated 
during bus HOLD. The address ranges activating PCSO-4 are software 
programmable. 


PCS1-4 27,28,29,30 


3 
oz) 
= 
> 
—_ 
GO 
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Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is software programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is software programmable. When pro- 
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 


i 


Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80186. 
When HIGH the 80186 places write data on the data bus. 


Data Enable is provided as an 8286/8287 data bus transceiver output enable. 
DEN is active LOW during each memory and 1/O access. DEN is HIGH whenever 
DT/R changes state. : 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the 
base architecture of the iAPX 186. This architecture 
is common to the iAPX 86, 88, and 286 microproces- 
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo- 
nents onto one chip while providing twice the perfor- 
mance of the standard iAPX 86. The 80186 is object 
code compatible with the iAPX 86, 88 microproces- 
sors and adds 10 new instruction types to the exist- 
ing iAPX 86, 88 instruction set. 


iAPX 186 BASE ARCHITECTURE 


The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and 
addressing modes. The 80186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 


Register Set 


The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


General Registers 

Eight 16-bit general purpose registers used to con- 
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 


SPECIAL 
REGISTER 
FUNCTIONS 


16-BIT 
REGISTER 
NAME 


BYTE 


iP 
ADDRESSABLE MULTIPLY/DIVIDE 


(8-BIT 
REGISTER 
NAMES 


INDEX REGISTERS 


STACK POINTER 


SHOWN) ) 
BASE REGISTERS 


GENERAL _ 
REGISTERS 


1/0 INSTRUCTIONS 


LOOP/SHIFT/REPEAT/COUNT 


Segment Registers 
Four 16-bit special purpose registers select, at any 


given time, the segments of memory that are immedi- .; we 
ately addressable for code, stack, and data. (For : 
usage, refer to Memory Organization.) 


Base and Index Registers 
Four of the general purpose registers may also be 


used to determine offset addresses of operands in | 


memory. These registers may contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. . 


Status and Control Registers 


Two 16-bit special purpose registers record or alter 


certain aspects of the 80186 processor state. These 


are the Instruction Pointer Register, which contains — 


the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 


contains status and control flag bits (see Piguigs 3a 


and 3b). ° 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 


CODE SEGMENT SELECTOR 

DATA SEGMENT SELECTOR 

STACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 
SEGMENT REGISTERS 


0 
STATUS WORD 


INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


Figure 3a. 80186 General Purpose Register Set 
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STATUS FLAGS: 
CARRY 

PARITY 

AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


14 13 12 it. 16 
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CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 


Bit 
Position 


CF’ Carry Flag—Set on high-order bit 
carry or borrow; cleared otherwise 


0 


“Tt nN 


Parity Flag—Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


Zero Flag—Set if result is zero; 
cleared otherwise 


F 
SF Sign Flag—Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


Single Step Flag—Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


Interrupt-enable Flag—When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 
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instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
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manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside ina 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
io) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 


AFN-02217C 


PRE See eae 


GENERAL PURPOSE 


| POP | Popwordoffstack 
| IN| Inputbyteorword 
Output byte or word 

| ADDRESS OBJECT 


ADD | Addbyteorword 
ADC | Addbyteorwordwithcarry 


Decimal adjust for addition 


Subtract byte or word with borrow 


re 


DD 

DC 
INC 
DAA 


C 


CMC Complement carry flag ; 


Set direction flag 

Clear direction flag 

Set interrupt enable flag 

Clear interrupt enable flag 
EXTERNAL SYNCHRONIZATION 

Halt until interrupt or reset 

Wait for TEST pin active ; 

Escape to extension processor . 
LOCK Lock bus during next instruction 

NO OPERATION 
No operation 

HIGH LEVEL INSTRUCTIONS 

Format stack for procedure entry 

Restore stack for procedure exit 

Detects values outside prescribed range 


SUB 
SBB 
DEC 
NEG 
CMP 
DAS 


” 
= 


BR 


AAM 


mis 
n 


CW 


Figure 4. iAPX 186 Instruction Set 
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ita | ee iAPX 186 PRELIMINARY — 
‘ __ CONDITIONAL TRANSFERS 
E ae | JA/JNBE Jump if above/not below nor equal 
% as JAE/JNB Jump if above or equal/not below 
z JB/JNAE Jump if below/not above nor equal 
3 JBE/JNA Jump if below or equal/not above 
: Jump if carry ITERATION CONTROLS 
ab ‘JE/JZ Jump if equal/zero 
als 4 JG/JNLE Jump if greater/not less nor equal LOOP Loop 
a : JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 
es ~ | | JL/UNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 
os > JLE/JNG Jump if less or equal/not greater JCXZ Jump if register CX = 0 
nc Jump if not carry | 
~ JNE/JNZ Jump if not equal/not zero INTERRUPTS ; 
ae hie JNO. S—2 Jump if not overflow | | , 
¥ JNP/JPO Jump if not parity/parity odd INT Interrupt . 
y, Jump if not sign INTO Interrupt if overflow 
Jump if overflow IRET Interrupt return 
|) JP/JPE Jump if parity/parity even 
Jump f sign | 
Figure 4. iAPX 186 Instruction Set (continued) 
To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 
: MODULE A 
BASE 
= : ADDRESS 
73 MODULE B 
PHYSICAL ADDRESS 
| 1 
4 PROCESS Ca 
: STACK 
Figure 5. Two Component Address 
| 1 
Table 3. Segment Register Selection Rules ! 
Memory | Segment Avg pas 
Reference | Register implicit Segment BLOCK 1 
Needed Used Selection Rule 
| 
Instructions Code (CS) /} Instruction prefetch and | 
immediate data. 
| Stack. Stack (SS)| All stack pushes and Bee ose 
pops; any memory refer- BLOCK 2 
ences which use BP Reg- 
ister as a base register. | 1 
ee External All string instruction L_——4 
anes Data references which use spicata’ 
ks (Global) the Di register as an 
. index. 
Figure 6. Segmented Memory Helps 
Local Data All other data references. Stricture Saltware 


3-366 , AFN-02217C 


pene ae eee 
i ees Se 


- ‘ aS AS Se A No 
- = tat = er Ce See AN Bee ok Pc sir r : ax 
‘ ne ep RR iN el Poe Ree Sa) 
ee CN ae seg So AL OR cats eke oe te eae 
s 4 wo =, Pos SU SHER . 7 EN AA ee cas 
PT nee SS f 
Ne Ae ta x ee 
x, Ae n 
‘ A 
¥ 
4 
rae as Fe 
sa sf -: 
y © 4 
; il ; 
, 
i 


Addressing Modes 


The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


e Register Operand Mode: The operand is located in 
~ one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


° the base (contents of either the BX or BP base 
registers); and 


e the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements 
define the six memory addressing modes, described 
below. 


© Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

© Register Indirect Mode: The operand’s offset is in 
one of the registers SI, DI, BX, or BP. 

e Based Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 


e Indexed Mode: The operand’s offset is the sum of. 


an 8- or 16-bit displacement and the contents of an 
index register (SI or Dl). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 


e Based Indexed Mode with Displacement: The 
operand’s offset is the sum of a base register’s 
contents, an index register’s contents, and an 8- or 
16-bit displacement. 
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Data Types 


The 80186 directly supports the following datatypes: 


e Integer: A signed binary numeric value contained 


in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. Signed 


32- and 64-bit integers are supported using the _ 


iAPX 186/20 Numeric Data Processor. 


© Ordinal: An unsigned binary numeric value con- © 


tained in an 8-bit byte or a 16-bit word. 
e Pointer: A 16- or 32-bit quantity, 
16-bit offset component or a 16-bit segment base 


component in addition to a 16-bit offset: pe 


component. 


A string may contain from 1 to 64K bytes. 


control characters using the ASCII standard of 
character representation. 


e BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 


two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 


number representation. (Floating point operands 
are supported using the iAPX 186/20 Numeric Data 
Processor configuration.) 


In general, individual data elements must fit within 


defined segment limits. Figure 7 graphically — 


represents the data types supported by the iAPX 186. 


/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
Ais-Ag are LOW. 1/O port addresses 00F8(H) through 
OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program 


location. The old program address (CS:IP) and ma-- 


chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non- maskable or 
maskable. 
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String: A contiguous sequence of bytes or words. _ 


ASCII: A byte representation of alphanumeric and. — : Se 


Packed BCD: A byte (packed) representation of a 


Floating Point: A signed 32-, 64-, or 80-bit real 
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Programs may cause an interrupt with an INT in- 


struction. Instruction exceptions occur when an un- 


usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from. an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80186 interrupts are 
described below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. | 
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Table 4. 80186 Interrupt Vectors 


Divide Error DIV, IDIV 
Exception 

Single Step All 
Interrupt 

NMI All 

Breakpoint INT 
Interrupt 

INTO Detected INTO 
Overflow 
Exception 

Array Bounds 
Exception 

Unused-Opcode 
Exception 

ESC Opcode nai i 
Exception 

Timer 0 interrupt 2A**** 

Timer 1 Interrupt as = ala 

Timer 2 Interrupt 2G 

Reserved 

DMA 0 Interrupt. 

DMA 1 Interrupt 

INTO Interrupt 

INT1 Interrupt 

INT2 Interrupt 

INTS Interrupt 


BOUND 


Undefined 
Opcodes 
ESC Opcodes 


NOTES: 

*1. These are generated as the result of an instruction 
execution. 

**2. This is handled as in the 8086. 

****3. All three timers constitute one source of request to the 
interrupt controller. The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

***5 An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 


SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 
An external interrupt source which cannot be 
masked. 


BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


; 
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INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is — 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one © 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 
Generated if execution is attempted of ESC opcodes 


(D8H-DFh). This exception will only be generatedifa _ 


bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INTO-INTS3. In addition, 
maskable interrupts may be generated by the 80186: 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 


Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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Causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step Interrupt 


The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 


- single-step flag bit (TF) in the Status Word. Once this 


bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished 
by driving the RES input pin LOW. RES forces the 
80186 to terminate all execution and local bus ac- 
tivity. No instruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and an 
_internal processing interval elapses, the 80186 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80186 Initial Register State after RESET 


Status Word FO02(H) 
Instruction Pointer - -0000(H) 
Code Segment FFFF(H) 
Data Segment 0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


iAPX 186 CLOCK GENERATOR 


The iAPX 186 provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


\ 


Oscillator 


The oscillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
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recommended with this oscillator. lf an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 186. The 
recommended crystal configuration is shown in 
Figure 8. 


x 
[ore emi [8 
ores e mney [1 | 


Figure 8. Recommended iAPX 186 Crystal 
Configuration 


Clock Generator 


The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186. it does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. | 


READY Synchronization 


- The iAPX 186 provides both synchronous and asyn- 


chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which 
samples ARDY in the middle of Ts, T3 and again in 
the middle of each Tw until ARDY is sampled 
HIGH. One-half CLKOUT cycle of resolution time is 
used. Full synchronization is performed only on the 
rising edge of ARDY, i.e., the falling edge of ARDY 
must be synchronized to the CLKOUT signal if it 
will occur during To, T3 or Tw. High-to-LOW transi- 
tions of ARDY must be performed synchronously 
to the CPU clock. 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. 
This input is sampled at the end of To, Tz and again 
at the end of each Ty until it is sampled HIGH. By 
using this input rather than the asynchronous 
ready input, the half-clock cycle resolution time 
penalty is eliminated. 


! 
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This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 


In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The iAPX 186 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the iAPX 186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple iAPX 186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 


LOCAL BUS CONTROLLER 


The iAPX 186 provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 


Memory/Peripheral Control 


The iAPX 186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
from the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 186 local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
1/O spaces nonoverlapping, or use only the in- 
tegrated chip-select circuitry. 
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Transceiver Control 


The iAPX 186 generates two control signals to be ~ 


connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external-logic. These con- 
trol lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) | Enables the output drivers of 

the transceivers. It is active 
LOW during memory, 1/O, or 
INTA cycles. 


Determines the direction of 
travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


DT/R (Data Transmit/ 
Receive) 


Local Bus Arbitration 


The iAPX 186 uses a HOLD/HLDA system of local bus: 


exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single 
HOLD/HLDA pair through which:all other bus mas- 
ters may gain control of the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control of the bus from the iAPX 186 when 
there is more than one alternate local bus master. 
When the iAPX 186 relinquishes control of the local 
bus, it floats DEN, RD, WR, SO-S2, LOCK, ADO- 
AD15, A16-A19, BHE, and DT/R to allow another 
master to drive these lines directly. 


The iAPX 186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD request 
is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transfer 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, ‘if 
WAIT states are required. In addition, if locked trans- 
fers are performed, the HOLD latency time will be 
increased by the length of the locked transfer. 
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Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, 

the local bus controller will perform the following 

actions: 

e Drive DEN, RD, and WR HIGH for one clock cycle, 
then float. 


NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 


e Drive SO-S2 to the passive state (all HIGH) and 
then float. 

Drive LOCK HIGH and then float. 

Tristate ADO-15, A16-19, BHE, DT/R. 

Drive ALE LOW (ALE is never floated). 

Drive HLDA LOW. ! 


INTERNAL PERIPHERAL INTERFACE 


All the iAPX 186 integrated peripherals are con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in anormal bus cycle), but Djs5_9, SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80186 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block. 


The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control biock will be lo- 
cated in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since 1/O ad- 
dresses are only 16 bits wide). | 
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In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 2OFFH. This.causes the control 
block to start at FFOOH in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. 


The integrated iAPX 186 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 


data locations in the control block. Most of these 


registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The iAPX 186 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and |/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The iAPX 186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes, whereas iAPX 186 memory is ar- 
ranged in words. This means that if, for example, 16 
64K x 1 memories are used, the memory block size 
will be 128K, not 64K. 
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Figure 9. Relocation Register 


Relocation Register 
DMA Descriptors Channel 1 


DMA Descriptors Channel 0 
Chip-Select Control Registers 


, Timer 2 Control Registers 
Timer 1 Control Registers 
Timer 0 Control Registers 

Interrupt Controller Registers 


Figure 10. Internal Register Map 


Upper Memory CS 


The iAPX 186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
186 begins executing at memory location FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 
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Table 7. UMCS Programming Values 


Starting 

Address UMCS Value 
(Base (Assuming — 

Address) RO=R1=R2=0) 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 


be reprogrammed if a larger upper memory area is — 


desired. 


Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to UMCS (with bits 
0-5 “O”) will cause UCS to be activated. UMCS bits 
R2-RO0 are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 


Lower Memory CS 


The iAPX 186 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location OOOOOH. 


The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 
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LMCS Value 
(Assuming 


Address RO=R1=R2=0) 


003FFH 
007FFH 


OOFFFH 
01FFFH 
O3FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


_ The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
“4”) will cause LCS to be active. LMCS register bits 
R2-R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 


Mid-Range Memory CS 

The iAPX 186 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 186 
1M byte memory address space exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 


by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must be set ata 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the mid-range block. Thus, if the total block size is 
32K, each chip select is active for 8K of memory with 
MCSO being active for the first range and MCS3 
being active for the last range. 


The EX and MS in MPCS relate to peripheral 
functionality as descibed a later section. 


Table 9. MPCS Programming Values 


Total Block individual MPCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 


0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range block size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 13. MPCS Register 
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Figure 14. MMCS Register Meee f 


MMCS bits R2—RO specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations O0000H 
or 80000H. If it were to be programmed at O0000H 
when the LCS line was programmed, there would be 
an internal conflict between the LCS ready genera- 
tion logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 
80000H, there would be a conflict with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at OOOOOH. If this base address is selected, 
however, the LCS range must not be programmed. 


Peripheral Chip Selects 


The iAPX 186 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
iAPX 186. The base address is user-programmable; 


A19 


however it can only be a multiple of 1K bytes,i.e,the : = 
least significant 10 bits of the starting address are 


always 0. 


PCS5 and PCS6 can also be programmed to provide ee 
latched address bits A1, A2. If so programmed, they 


cannot be used as peripheral selects. These outputs 


This scheme simplifies the hardware interface be- 


cause the 8-bit registers of peripherals are simply — 


treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 15-6 of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 


(PBA) of the peripheral chip-select block. Bits 9-0 of | 


the PBA of the peripheral chip-select block are all 


zeros. If the chip-select block is located in I/O space, © : 


bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 
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Figure 15. PACS Register 
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can be connected directly to the AO, Al pinsusedfor ~ 
selecting internal registers of 8-bit peripheral chips. 


The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


Active between Locations 


PBA — PBA+127 
PBA+128 —PBA+255 
PBA+256 — PBA+383 


PBA+384 —PBA+511 
PBA+512 —PBA+639 
PBA+640 —PBA+767 
PBA+768 —PBA+895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 


_ block, see Figure 16). This register is located at offset 


A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 de- 
scribes the programming of these bits. After reset, 


‘the contents of both the MPCS and the PACS regis- 


ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 


Table 11. MS, EX Programming Values 


pup Description 


eripherals mapped into memory space. 
eripherals mapped into I/O space. 
PCS lines. A1, A2 provided. 

PCS lines. A1, A2 are not provided. 


lh Cy ak 
i 
NO UU 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The iAPX 186 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 186 may 
be programmed to either ignore external READY for 
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each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter- 
pretation of the ready bits is shown in Table 12. 


Table 12. READY Bits Programming 


Bod cad et Number of WAIT States Generated 


0 wait states, external RDY also used. 

1 wait state inserted, external RDY also 
used. 

2 wait states inserted, external RDY also 
used. 

3 wait states inserted, external RDY also 
used. 

0 wait states, external RDY ignored. 
1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RD 
ignored. 

3 wait states inserted, external RD 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 


R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2—-RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the foliowing actions: 


e All chip-select outputs will be driven HIGH. 

e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block with 
the accompanying READY control bits set at 011 to 
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Figure 16. MPCS Register 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). 

e No other chip select or READY control registers 
have any predefined values after RESET. They will 
not become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 
become active. 


DMA CHANNELS 


The 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and 1|/O spaces (e.g., Memory to 
I/O) or within the same space (e.g., Memory to 
Memory or I/O to I/O). Data can be transferred either 


_in bytes (8 bits) or in words (16 bits) to or from even or 


odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 


13. The Transfer Count Register (TC) specifies the | 


number of DMA transfers to be performed. Up to 64K 
byte or word transfers can be performed with auto- 
matic termination. The Control Word defines the 
channel’s operation (See Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. : 


Table 13. DMA Control Block Format | 


Register Address 


Register Name 


Control Word 

Transfer Count 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits 

Source Pointer 


| 


ADDER CONTROL 


20 BIT ADDER/SUBTRACTOR 
DRQ1 pees 
REQUEST © 


CHANNEL CONTROL WORD 1 
CHANNEL CONTROL WORD 0 


INTERNAL ADDRESS/DATA BUS 


SELECTION DRQO p< 


ica 


LOGIC 


INTERRUPT 
REQUEST 


¢ 


Figure 17. DMA Unit Block Diagram 
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SOURCE 
DEC 


INC 


0 9 8 


SYN 
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Figure 18. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 


the mode of synchronization; 

whether bytes or words will be transferred; 
whether interrupts will be generated after the last 
transfer; 

whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 

the relative priority of the DMA channel with 
respect to the other DMA channel; 

whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

whether the source pointer addresses memory or 
I/O space; 

whether the destination pointer will be incre- 
mented, decremented, or maintained constant af- 
ter each transfer; and 

whether the destination pointer will address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any 
changes made during operation will affect the cur- 
rent DMA transfer. 


DMA Control Word Bit Descriptions 


Bw: Byte/Word (0/1) Transfers. 
ST/STOP: Start/stop (1/0) Channel. 
CHG/NOCHG: Change/Do not change (1/0) 


ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 
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Enable Interrupts to OPU on Trans- 
fer Count termination. 


If set, DMA will terminate when the 
contents of the Transfer Count reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 


_ unit will decrement the transfer 


INT: 

TC: 

SYN: 

(2 bits) 

SOURCE: INC 
M/IO 
DEC 

DEST: INC 
M/IO 
DEC 

p 


count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 


00 No synchronization. 


NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 


01 Source synchronization. 
10 Destination synchronization. 
11. Unused. 


Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

Source pointer is in M/IO space 
(1/0). 

Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 


Increment destination pointer by 1 
or 2 (B/W) after each transfer. 


Destination pointer is in M/IO space 
(1/0). 
Decrement destination pointer by 1 


or 2 (depending on B/W) after each 
transfer. 


Channel priority—relative to other 
channel. 


0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 
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If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 


DMA Destination and Source Pointer 
Registers | 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the 
pointer registers. Higher transfer rates can be ob- 
tained if all word transfers are performed to even 
addresses, since this will allow data to be accessed in 
a single memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer 
count register (TC). This register is decremented 
after every DMA cycle, regardless of the state of 
the TC bit in the DMA Control Register. If the TC bit 
in the DMA control word is set or unsynchronized 
transfers are programmed, however, DMA activity 
will terminate when-:the transfer count register 
reaches zero. 


transfer. In addition, DMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 


transfer. This allows a complete transfer to take place . 


every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 


is not desired. Since the DMA controller will relin- — 


quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 


Table 14. Maximum DMA Transfer Rates 


Type of 
Synchronization 
Selected 


CPU Halted 


2MBytes/sec 
2MBytes/sec 


2MBytes/sec 
2MBytes/sec 
1.3MBytes/sec 


Unsynchronized 
Source Synch 
Destination Synch 


HIGHER 
REGISTER A19-A16 
ADDRESS 


LOWER 
REGISTER A15-A12 A11-A8 A7-A4 A3-A0 
ADDRESS 
15 0 


XXX = DON’T CARE 


Figure 18a. DMA Memory Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. .An 


- NMI request, however, will cause all internal DMA 


activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


¢ The Start/Stop bit for each channel will be reset to 
STOP. ; 
e Any transfer in progress is aborted. 


TIMERS 


The 80186 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


TIMER 0 RSPR Sa 3 


MAX COUNT VALUE 
A 


MAX COUNT VALUE 


MODE/CONTROL 
WORD 


MAX COUNT VALUE 
A 
MAX COUNT VALUE 
B 
MODE/CONTROL 
WORD 


TIMER 2 
MAX COUNT VALUE 
MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
Each of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 
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Since the count registers and the maximum count — 
registers are all 16 bits wide, 16 bits of resolution are 


provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


e All three timers can be set to halt or continue on a 
terminal count. aS 

e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

e The timers may be programmed to cause an inter- 
rupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 


Table 15. Timer Control Block Format 


Register Offset 
Register Name [Tm 0[Tme 1] Tm? 


Mode/Control Word 
Max Count B 

Max Count A 
Count Register 


5EH 66H 
5CH | not present 
5AH 62H 
58H 60H 


Cane 


12 11 5 4 3 2 1 0 
[ow] «Foe [we] + Tor [as om 


Figure 20. Timer Mode/Control Register 
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The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
_ used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 


the timer output pin. If ALT is zero, the output pin will 


_go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT: 

Setting the CONT bit causes the associated timer to 
_ run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
=1, the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 


EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80186 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 


P: 

_ The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. ! 


RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. - 


If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 
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indicated previously, the input signal may be asyn- 
chronous with respect to the 80186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. ? 


EN: 

The enable bit provides programmer control over the 

timer’s RUN/HALT status. When set, the timer is en- 

abled to increment subject to the input pin con- 

straints in the internal clock mode (discussed 

previously). When cleared, the timer will be inhibited 

from counting. All input pin transitions during the | 
time EN is zero will be ignored. If CONT is zero, the 

EN bit is automatically cleared upon maximum 

count. © 


INH: 

The inhibit bit allows for selective updating of the. 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 


MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in MAX 
COUNT register B is reached. This bit is set regard- 
less of the timer’s interrupt-enable bit. The MC bit 
gives the user the ability to monitor timer status 
through software instead of through interrupts. 
Programmer intervention is required to clear this 
bit. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 


ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 


The current contents of this register may be read or 


written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, “wrap around” to zero, 
then count until the max count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 

e All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


/ 


Internal interrupt sources (Timers and DMA chan- 


~ nels) can be disabled by their own control registers 


or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 


requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80186 
within the iRMX 86 operating system interrupt struc- 


ture. The controller is set in this mode by setting bit _ 


14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80186 interrupt controller func- 
tions as a “slave” controller to an external “master” 
controller. Special initialization software must be in- 
cluded to properly set up the 80186 interrupt pouner 
ler in iIRMX 86 mode. 


MASTER MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 


non-maskable interrupt. This is typically used for | 


power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
“cascade mode”) along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 


External sources in the cascade mode use externally 
generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. The 
capability to interface to external 8259A program- 


~ mable interrupt controllers is thus provided when the 


inputs are configured in cascade mode. 
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Interrupt Controller Modes of Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as 
follows: 


Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOi register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 


TIMER TIMER TIMER DMA DMA 
0 


TIMER 
CONTROL REG. 


DMA 0 
CONTROL REG. 


CONTROL REG. 


(ares =} ‘Se 
CONTROL REG. RESOLVER 
EXT. INPUT 1 

CONTROL REG. 


before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is true 
for INT1 and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 con- 
trol registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the 80186 interrupt controller, the mas- 
ter 8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 


1 INTO INT1 INT2 INT3 NMI 
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Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INT1 control register. It enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be funneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80186 controller 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186 interrupt controller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80186 in- 
terrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 


rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the inter- 
rupt controller is accomplished by reading the Poll 
Word (Figure 31). Bit 15 in the poll word indicates 
to the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to 
the processor the type vector of the highest- 
priority source requesting service. Reading the 
Poll Word causes the In-Service bit of the highest- 
priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 
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Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is © 


done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). | ~ 


If two requests with the same programmed priority | 


level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the | 


programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 


mand is issued by writing the proper pattern to the ~ 


EOI register. There are two types of EOI commands, 


specific and nonspecific. The nonspecific command — 


does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 


interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 


reenable the input. In the level-trigger mode, no such 


provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 
The 80186 Interrupt Controller will generate inter- 


rupt vectors for the integrated DMA channels and — 


the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 


or Special Fully Nested Mode. The interrupt vectors © 


generated are fixed and cannot be changed (see 
Table 4). 


interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source's service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the 10-I3 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 


Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 


Figure 22. Cascade Mode interrupt Connection 
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Priority Mask Register 

This register is used to mask all interrupts below 
INT3 CONTROL REGISTER particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
INT2 CONTROL REGISTER three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
and seven (111). The register is reset to seven (111) 
DMA 1 CONTROL REGISTER upon RESET so all interrupts are unmasked. 


INT1 CONTROL REGISTER 


INTO CONTROL REGISTER 


sb es ig angela ed ies adeaes Interrupt Status Register 
This register contains general interrupt controller 
status information. The format of this register is 


shown in Figure 26. The bits in the status register 
INTERRUPT STATUS REGISTER , have the following functions: : i | 


‘ TIMER CONTROL REGISTER 


INTERRUPT REQUEST REGISTER DHLT: DMA Halt Transfer; setting this bit halts all 

, DMA transfers. It is automatically set 

IN-SERVICE REGISTER whenever a non-maskable interrupt occurs, 

and it is reset when an IRET instruction is 

executed. The purpose of this bit is to allow 
prompt service of all non-maskable inter- — 

rupts. This bit may also be set by the CPU. 


PRIORITY MASK REGISTER 
MASK REGISTER 


POLL STATUS REGISTER 
IRTx: These three bits represent the individual 
POLL REGISTER timer interrupt request bits. These bits are 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re- 
quest register is the “OR” function of all 
timer interrupt requests. Note that setting 
Figure 23. Interrupt Controller Registers any one of these three bits initiates an inter- 
(Non-iRMX 86 Mode) rupt request to the interrupt controller. 


Figure 25. Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 


_ modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INT1 Control registers; Figure 29 shows the 


~ format of the INT2 and INT3 Control registers. In 


cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 


The bits in the various control registers are encoded 
as follows: 


PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


LTM: —_Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


level is preceded by an inactive-to-active 

transition on the line. In both cases, the 

level must remain active until the interrupt 
_ is acknowledged. ; 


MSK: Mask bit, 1 = mask; 0 = nonmask. 
C: Cascade mode bit, 1 = cascade; 0 = direct 


SFNM: Special fully nested mode bit, 1 = SFNM 


| 


EO! Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 


Sy: Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 


Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INTO/INT1 Control Register Formats 


Figure 29. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EO! com- 
SPEC mand. Nonspecific = 1, Specific = 0. 


Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31. They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter- 
rupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


Sy: Encoded information that indicates the 
vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 


INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request = 1; no Interrupt 
Request = 0. 


iRMX 86 COMPATIBILITY MODE 


This mode allows iRMX 86-80186 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal 80186 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80186 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 


= 3 2 1 


Figure 31. Poll Register Format 
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Because of pin limitations caused by the need to. 


interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each . 


timer. In this mode, each timer interrupt source has _ 


its own mask bit, IS bit, and control word. 


The iRMX 86 operating system requires peripherals a 
to be assigned fixed priority levels. This is incom- 


patible with the normal operation of the 80186 inter- 
rupt controller. Therefore, the initialization software 


must program the proper priority levels for each | 
source. The required priority levels for the internal — 
interrupt sources in iRMX mode are shown in Table 


16. 


Table 16. Internal Source Priority Level 


Interrupt Source 


Timer 0 
(reserved) 


DMA 0 
DMA 1 
Timer 1 
Timer 2 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 


iRMX 86 Mode External Interface 


The configuration of the 80186 with respect to an : 


external 8259A master is shown in Figure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INTS3 functions as an output to send the 80186 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 
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Figure 32. iRMX 86 Interrupt Controller Interconnection 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 slave 
address will have to be decoded externally. INT1 is 


_used as a slave-select input. Note that the slave vec- 


tor address is transferred internally, but the READY 
input must be supplied externally. 


_INT2 is used as an acknowledge output, suitable to 
drive the INTA input of an 8259A. 


interrupt Nesting 


iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 


Vector Generation in the iIRMX 86 Mode 


Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 


| _ Interrupt Vector register at offset 20H. 
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Specific End-of-interrupt 


In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis- 
ter at offset 22H. 


interrupt Controller Registers 
in the iRMX 86 Mode 


All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 


End-of-interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 


Ly: Encoded value indicating the priority of the 
IS bit to be reset. 


In-Service Register 
This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre- 
spond to the integral timers. The source's IS bit is set 
when the processor acknowledges its interrupt re- 
quest. , 


Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 


Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 


The bits of the Control Registers are encoded as 
follows: 


~ 


pry: 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. : 


msk: mask bit for the priority level indicated by pr, 
bits. 


2 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 
LEVEL 4 CONTROL REGISTER 
(TIMER 1) 
LEVEL 3 CONTROL REGISTER 
(DMA 1) 


LEVEL 2 CONTROL REGISTER 
(DMA 0) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 
INTERRUPT STATUS REGISTER 


INTERRUPT-REQUEST REGISTER 
IN-SERVICE REGISTER 


PRIORITY-LEVEL MASK REGISTER 


MASK REGISTER 
SPECIFIC EOI REGISTER 
INTERRUPT VECTOR REGISTER 


Figure 33. Interrupt Controller Registers 
(IRMX 86 Mode) 


15 14 13 8 7 6 5 4 _3 2 


1 0 


Figure 34. Specific EOI Register Format 


8 7 6 5 4 3 2 1 0 


Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

ty: 5-bit field indicating the upper five bits of the 

vector address. 


Priority-Level Mask Register 

This register indicates the lowest priority-level inter- 

rupt which will be serviced. 

The encoding of the bits in this register is: 

Mx: 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 


interrupt Status Register | 
This register is defined exactly as in Non-iRMX 
Mode. (See Fig. 26.) 


Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform the 
following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode. 


e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 

e Ail LTM bits reset to 0, resulting in edge-sense 
mode. 

e All interrupt Service bits reset to 0. 

e All Interrupt Request bits reset to 0. 

e All MSK (Interrupt Mask) bits set to 1 (mask). 

e All C (Cascade) bits reset to 0 (non-cascade). 

e All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

® Initialized to non-iRMX 86 mode. 


15 14 13 8 7 6 5 4 3 2 1 0 


Figure 36. Control Word Format 


Figure 38. Priority Level Mask Register 


3-392 


AFN-02217C 


DISK 
INTERFACE 
HARDWARE 


7 
: — 
aa 
a, 
= 


¥ 
— 


5 Ate ) 
> . , a 

ee ; o% 
= : a 

Fre ee! ey 
reel eae 
wt 

ee 


ical iAPX 


y 


Shea if Z 
i n vid 
a -< te a KA 
ee fin, * 
rey 
“= , avitn 
y 
mf. a 
» . . 4, 4 


< 
“he ys 
* ’ n ~ 
ee na 
; 
. 
i att 
fo ouat 
y J ) 
q te ‘ 
eake ' 


¢ 


pe 


& 


Pe Tee eS eee ET ee iets is ei Ses as o£ Yo Ptr en eae ~ 2S ae Sp logs foley a nse 5 ee —s Ge, ioe Re ee oe fe pe ta a kee miss =, Pay 
eck Pe wan y Pee SR, ES ap) 2 eee aon t sn Ste =? bo gee Sees ong ie See Re ea eee ee 
~ “ v 
- % 


tie) oe le ak ee hoa 


ADDRESS 
BUS 


ey ee eel 
COMMANDS 


MULTIBUS 
ARBITRATION 


Figure 40. Typical iAPX 186 Multi-Master Bus Interface 


3-394 


intel Oe  GAPK 186 23 PRELIMINARY 


AFN-02217C 


“e 


yee eA 


iets : 
ve, ae 


ag pee aye ate “ras = ay ; Fas", ce taek 1% 


ik : = ar 
4 = _ - _ — — 
a Seo a y : i 
* » 4 A ? 2 by 
Ph we ? vs a ; J ha = ash d 
De * - he . Rito Y yt <s 
i 2 ” f Pie uy ~ Pea nk 
7 ; 
by id 9 rei” ox a po “ow a) 
- a at f 
re Tt t oe he ie oe 
- ¥ , - = « er 
: i + * 
rie) 


. et. Be 
Ba eS 
Bi et a aps 
 s2 eaterat A 
; ' ‘ a 2 - ae a fe a ‘ 
ts es oO ~~. : A, - oi: a 
eS 7 ee aie 
[ ae ad ae ine 
— ° _ Arie d 
fe) - * “i ¥ 4 Lee ; 
oO 4 | ie y .” “ ae 
ie ges me Ceti ee 
: Fis SaaS 
2 = o See - * et a 
2. lu z ahstolt LE Se 
Shes tae 
«oO Oo ms tir pate 3°, r 
’ nN a 
oa 2 sale 
Qs ge | |¢ 3 aig oe 
—— o (e) 4 ed i “* “~ 
2s a FS 
Ve a . gee 
a ; eae. 


for details. 


¥. 


is requ 
42 


NOTE 


Ml 


WL: 


Figure 41. 80186 JEDEC Type A Package 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed uater | 


“Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and 


Ambient Temperature under Bias ..... 0°C to 70°C functional operation of the device at these or any 
Storage Temperature ........... —65°C to +150°C other conditions above those indicated in the opera- 
Voltage on Any Pin with tional sections of this specification is not implied. 
Respect to Ground .............. —1.0V to +7V Exposure to absolute maximum rating conditions | 
POWG? DISSIDATION 6.5 66 a ec dn 3 Watt for extended periods may affect device reliability. 


D.C. CHARACTERISTICS (Ta = 0°-70°C, Voc = 5V +10%) 
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 


Input High Voltage Voc + 0.5 Volts 
(All except X1 and (RES) | 


Output Low Voltage 3.0 Volts |, = 2.5 mA for SO-S2 | 
|, = 2.0 mA for all other outputs _ 


pois «3 Output High Voltage 


iL 
IH 
OL 
OH 
cc Power Supply Current Max measured at T, = 0°C 
= 10° 
\ A 
ha Input Leakage Current 
LO 
Cin 
Cio 


V 
V 
V, 
V, 
| 
| 


Input Capacitance : Bee gee 
e: eae \1/O Capacitance Pee etic 


PIN TIMINGS 
A.C. CHARACTERISTICS (Ta = 0°-70°C, Voc = 5V + 10%) 


80186 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted. 


Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 
| Symbol | Parameter Units | TestConditions 


TDVCL _ | Data in Setup (A/D) a aia 
TCLDX _| Data in Hold (A/D) Bea ieee ee ee 
ARYHCH| Asynchronous Ready 

(AREADY) active setup 

. time* 

TARYLCL | AREADY inactive setup 

time 
TCHARYX| AREADY hold time CAS ZEEE Ae a con waarmee tearcineaacn 


TSRYCL | Synchronous Ready 
(SREADY) transition setup 
time 


THVCL . | HOLD Setup* 


TINVCH = |INTR, NMI, TEST, TIMERIN, 
Setup” 


eats) | 
tho | Output Leakage Current | 
Vows | 

Ameena 


/ 


“To guarantee recognition at next clock. 


apxtes = ts PRISMA 


FINVOL «| ORGO, ORGY Setup?) [ae poe ee 
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_ AC, CHARACTERISTICS (Continued) 
ss __ 80186 Master Interface Timing Responses 


Address Valid Delay 


iB Torax Address Hold 10 
< Toaz Address Float Delay 


Command Lines Float Delay 


| (after float) 


Touez 


Toucv 


ToHLH 


Tout 


& 


as 
- 
C 


Tepv Data Valid Delay 10 
Data Hold Time 10 


Tetpox 
Twxox Data Hold after WR Touc.-40 
Toverv 


Control Active Delay 1 2 
Control Active Delay 2 10 


Touctv 


Teverx 


: (Non-Write Cycle) 
0 
9 
9 


2TcicL-40 


Control Inactive Delay 9 
Tour 
ToLrH i 
TRHAV ive tc 
ToLHAV i 


~ TrurH 
WR Width 


0 
5 


As : s 80186 Chip-Select Timing Responses 


TWiwH 
TavaL 

Tousv 
ToisH 


Toutmv 


Chip-Select Inactive Delay 5 


80188 (8 MHz) 


| Symbol | Parameter | Min. | Max. | Min. | Max. | Units | TestConditions | 
[Tocsy___|Chip-Select Active Delay | 


ee es yee AS Sc Re oS ee ee 

a a Ps 
Command Inactive 35 35 

PB oh Bee eB Sa AR Re eae ek ae ee | 


yee 

rae . mn ie 

easly pk Nek ae 
¥ to ae 


PaceLmamaner? 


‘ pth 2 tbe 
nt ‘on. } 3 ee 


Mins 
ed 
See 


Test Conditions 
C, = 20-200 pF all outputs 
1 


0 

ami 

ae 

oe 
10 


Toici-50 


35 
35 
35 
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A.C. CHARACTERISTICS (Continued) 
80186 CLKIN Requirements . 


TroxHt [CuK Faitime [+f 0 | + 0 | ns 
[ToKLH [CLAW Rise Time | id wo | Side 
Preuck [CLK Low Time +t as] ei 
frcHcK [CLAW High Time | 25 [| 3 | | ns 


80186 CLKOUT Timing (200 pF load) 


Symbol | ___Parameter___[_Min. ) 

[roico [CLKNw CLKOUT Stew [| 0 | ‘eas | ns 

—— freuc | ctkour tow time fatouecvs} _paro.ouzs| | ne 

[rence [otnour righ Time fa Toctrs| pa roucu7s| | re 

romicna| CLOUT Rise Time | sd | dL |e 
Beer - 


TOLBOLt | GLKOUT Fall Time os Ok Oe 
: , 
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| MAJOR CYCLE TIMING 
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ALE 


Begg ct ty TCHLH > 
es | TCLAV > 


ae AD; 5~ADz 
ayy WRITE CYCLE 


RD, INTA, 
DT/R = Von 


| . 5 ; | a ‘om 

| ( poten ) 
Se FLOAT FLOAT 
freee INTA CYCLE <a TCHCTV | Ne TCHCTV 


SOFTWARE HALT—DEN =Vo,, 


RD, WR, INTA, DT/R = Vox a INVALID ADDRESS ee 


on MCS TCHCSX —P> 
Fe LCS, 
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hh Ts Tw oe Rae Sey 
TCLCL TCH1CHZ | se tee Mkt cae 


BHE/S7,A19/S6-A16/S3 


READ CYCLE 
WR, INTA = Vox 
NOTES: ‘ 
1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 
80186 enters a “Hold Acknowledge” state. 
2. INTA occurs one clock later in RMX-mode. 
3. Status inactive just prior to T, 
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CLKOUT 


TINVCH 


TINVCL- 
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<TCLHAV 
? 
TCLAZ 
° 
ee 
° 


4 
® 
“i = my e e e e e 
S e e e e e / 
6 6 3 B 8 
0/2 4 8 3 
|= F 
re 
ie een ' 5 6gew es 
QO. 8 ra oS ES 4 
Ta i 2 2 : 
> {9 ; , 3 <_< a , 
e S 4 ’ a = 


W AVEFORM S (Continued) 


3S «: 


TCKLH 


TCHICH2 = > TCH2CH1 


—TCLCH 


2-6 CLOCKS 


«80186 INSTRUCTION TIMINGS | e All word-data is located on even-address 
i ae | } boundaries. 
The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 


ese te ; address. 
c ‘ | assumptions: 
ne oie __ @ The opcode, along with any data or displacement All instructions which involve memory reference can 
2s required for execution of a particular instruction, require one (and in some cases, two) additional 
; has been prefetched and resides in the queue at clocks above the minimum timings shown. This is 
the time it is needed. due to the asynchronous nature of the handshake 
os No wait states or bus HOLDS occur. | between the BIU and the Execution unit. 


1 


FUNCTION 


_ DATA TRANSFER 


MOV = Move: 
Register to Register/Memory 


Register/memory to register 
immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 


Register/memory to segment register 
Segment register to register/memory 


PUSH = Push: 
Memory 


~ Register 


Segment register 


POP = Pop: 
Memory 


Register 
Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 
IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES ; 


- LAHF = Load AH with flags 
~ SAHF = Store AH into flags 


PUSHF = Push flags 
POPF = Pop flags 


_ SEGMENT = Segment Override: 


cs 
Ss 
‘DS. 
ES 


INSTRUCTION SET SUMMARY 


modreg f/m 


1000101 w{ modreg rm _ 


1100011w{ mod000 rm} data | — dataifw=1 


1011Ww_ reg 


1010001w| — addr-low | — addr-high 


10001110] modOreg rm | 
10001100] modOreg r/m_| 


141711714 £1 mod110 cms 


reg 


70001111] mod000 1m 


01011 reg 
000 reg 111 (reg #01) 


000011 w] modreg rm _ 


0010 reg 


110010w 
110110w 


* 


MELA RRR See ae 
1110111 3 


10001101] modreg im] 
11000101] modreg 1m 
000100] modreg om | 


ce i se Se 
10011110 


10011100 
10011101] 


(mod # 11) 
(mod # 11) 


00101110 


00 


. Mt ; poe er ds bo Tae ee 

‘ - ~ ¥ e § ~ ¢ 3) a 
Dost, Se Sites 
‘ S : =i | aa 3° : : Sar nie an oe 7 


‘ m. ye fy 
TRS % sic et See Af 


‘ 
es 


| dataifw=1 
1010000w|  addriow | addr-high 


” y 5 .! 2% fae oie ‘ ¥ art 
Oi ee — LES er ee ‘ ae . ~, ‘ 
was te rn se: eae * ‘* : an 
be Mt? F har J FR “ a % 
‘ :- © fd gem Pa a i” S 
as) “ : 4 eh > 


ib 


eere- ad 


ne we Y eae. 


| Immediate to register/memory 
| Immediate to accumulator 


v9 
Es 


K: 


ae 


Phas: Ps 
he 


ADC = Add with carry: 


ees 


‘e 


- 
.* 


it Immediate to register/memory 
| Immediate to accumulator 


| INC = Increment: 
| Register/memory 
| Register 

| SUB = Subtract 

| Reg/memory and register to either 
5 é | Immediate from register/memory 
‘ a Immediate from accumulator 

é af | SBB = Subtract with borrow: 

_ | Reg/memory and register to either 
Sf a % Immediate from register/memory 
oy ‘Immediate from accumulator 
4 ‘DEC = Decrement: 

_ | Register/memory 

- ‘Register 

BS | CMP =Compare: 

_ | Register/memory with register 
| Register with register/memory 

| | 3 immediate with register/memory 
RS | immediate with accumulator 

| NEG=Change sign 

| AAA= ASCII adjust for add 

| DAA= Decimal adjust for add 

| AAS =ASCIl adjust for subtract 

+ i DAS = Decimal adjust for subtract 


| MUL = Multiply (unsigned): 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IMUL = Integer multiply (signed): 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Reg/memory with register to either 


FORMAT 


100000sW 


INSTRUCTION SET SUMMARY (Continued) 


aS ee, eee 


oo00010w] data | dataitw=1 


001010Ww 


mod010 . r/m 


data if s w= 01 


: 


i ae 
1000 reg 


01010dw 
100000sw 
010110Ww 


00110dw 
100000sw 
0001110w 


—s 


Tht 1V1w 
01001 reg 


011101w 


mod000 r/m 


modreg f/m 


mod101 = r/m 
data 


modreg f/m 
mod011 = r/m 
data 


mod00Q1 1/m 


modreg r/m 


modreg f/m 


data if w= 1 


dataifsw=01 


| data | dataitsw=01 


fe 


0011100w 


OO11110w] data 


oO 


POwOee 144 
7 ee 
0101111 


£44017 Ww 


mod100Q r/m 


data ifsw=01 
data if w= 1 


| 


1111011wi] mod101 f/m 


DIV = Divide (unsigned): _ 
| Register-Byte 

| Register-Word 

| Memory-Byte 
_Memory-Word 


Shaded areas indicate in 


at Ok fa mod110 r/m 


structions not available iniAPX 86, 88 microsystems. 


~ 


3-406 


8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


+ 


ew 


INSTRUCTION SET SUMMARY (Continued) _ 


- 


FUNCTION © 


ARITHMETIC (Continued): 


- IDIV = Integer divide (signed): 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 


AAD = ASCII adjust for divide 
CBW = Convert byte to word 


CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 
Register/Memory by 1 


Register/Memory by CL 


AND = And: 
Reg/memory and register to either 


Immediate to register/memory 


Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 


Immediate data and register/memory 


Immediate data and accumulator 
OR=0r: 

Reg/memory and register to either 
immediate to register/memory 


Immediate to accumulator 


XOR = Exclusive or: 
Reg/memory and register to either 


Immediate to register/memory 
Immediate to accumulator 
NOT = Invert register/memory 


STRING MANIPULATION: 
MOVS = Move byte/word 


CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 


_ Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 


‘ 


ued ee ee , 


FORMAT 


1111011w] mod111 orm 


: 
| 


1101000w| mod TiTrm | 2/15 
1101001w{ mod TIT rm | 5+n/17+n 


TTT Instruction 


00 
00 
0 1 
‘O71 
10 
10 
i 


aS 2s 
= S) 
QO 
we) 


001000dw] modreg rm 
1000000w| mod100 rm | data =| — dataitw=1 


oo1o0t1dw] data | __dataitw=1_ J 


1000010w| modreg 1m | | 
1111011w] mod000 1m 
1010100w] _data__—=s«(|~—sdataifw-1 ~—*| 


0000%0dw{ modreg im | 
1000000w] modoo1 rm] data | dataifw=1 
0000110w| data |  dataifw=1 


. 
[oro1ttw] 


« 
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__ INSTRUCTION SET SUMMARY (Continued) 


¢ 


FORMAT } : 7 Comments 


STRIN 


Repeated by count in CX 


I$ - Move string 

| 
LODS=Loadstring = : 

“STOS=Storestring 


| CALL =Call: 
| Direct within segment _ 11101000]  displow | disp-high | 
| Register/memory 11111111] mod0101m 


ndirect wit in segment 
| Direct intersegment 10011010 segment offset 


111111111) mod011 1m (mod + 11) 


__JMP = Unconditional jump: 


| Shortiong | 1411010114]  disp-low | 
| Direct within segment 11101001]  disp-low | _disp-high_ 
oe se _ Register/memory indirect withinsegment}1 11111114 mod100 rm 


as ‘ _ Direct intersegment 357 4.01.0 7.6 segment offset 
Cae a ae ; : t segment selector 


> 3 | Indirect intersegment es > (mod + 11) 


: _ RET = Return from CALL: | 
| Within segment 3 3 
| Within seg adding immed to SP 
| Intersegment 
| Intersegment adding immediate to SP 


PRELIMINARY 


intel \APX 186 


INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 


CONTROL TRANSFER (Continued): 
JE/JZ = Jump on equal/zero 

JL/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 

JO = Jump on overflow 

JS = Jump onsign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not par/par odd 

JNO = Jump on not overflow 

INS = Jump on not sign 

JCXZ = Jump on CX zero 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 


LOOPNZ/LOOPNE = Loop while not zero/equal 


INT = Interrupt: 
Type specified 


Type 3 
INTO = Interrupt on overflow 


IRET = Interrupt return 


FORMAT 


1.77 Oo 
ey a 
ee ee Be 
1110010 
It Todt 
1111010 
1110000 
1-14; Tea 
VETO TD 1 
ack ere 
eon Dm, 
AO 
14 OT TA 
12 ta 
111000 1 
1t+4004 
1100011 
1100010 
11100001 
11100000 


tao FP e7 type 
1-180710 0 
> TSC ti t.9 


4601.4 7-4 


Clock 
Cycles Comments 


JMP not 
taken/JMP 
taken 


LOOP not 
taken/LOOP 
taken 


if INT. taken/ 
if INT. not 
taken 
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TI RY (Continued) _ 


a 


1711000 ; . 
1110101 
7117001 
17117100 
Rat Ae ASEN TO 1) ~ et << 
th1101 0 
T111011 
“7110100] 
i ‘i Che wee 
ock pi .f 11710000 
cs ‘(oor ae 
oy z aa : 


(TTT LLL are opcode to processor extension) 


- ‘ 


- 


—s 


“ 


> 


- 
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cate instructions not available iniAPX 86, 88 microsystems. i et . 


FOOTNOTES 


The effective Address (EA) of the memory operand is 


computed according to the mod and r/m fields: 


if mod = 11 then r/mis treated as a REG field 

if mod = 00 then DISP = 0°, Pini ‘low and disp-high 
are absent : 

if mod = 01 then DISP = disp-low sign-extended to 
- 16-bits, disp-high is absent 

ifmod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 
‘ifr/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 thenEA = (BP) + (Dl) + DISP 
ifr/m = 100 then EA = (Sl) + DISP 

if r/m = 101 then EA = (Dl) + DISP — 

if r/m = 110 then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


4 


“except if mod = 00 and rim = 110 then EA = Chapman. disp-low. 


ee 


N 
EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL MODES, AND IS INCLUDED 


IN THE EXECUTION TIMES GIVEN WHENEVER APPROPRI ATE. 
SEGMENT OVERRIDE PREFIX 
0:04 .req-1 10 


reg is assigned according to the following: 
Segment 
reg Register 
00 ES 
01 CS 
16> 8S ae 
11 DS : 


| is “cate according to the folowing table: 


— 16-Bit(w = 1) 8-Bit(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP __ 100 AH 
101 BP 101 CH 
110 SI 110 DH 
1Tf Or. 111 BH | 


-erands of the string primitive operations 


The physical addresses of all cae a | 
the BP register are computed using the Ss 
register. The physical addresses of the | 


dressed by the DI register) are cone ing 


segment, which may notbe overridden. 
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iAPX 88/10 
8-BIT HMOS MICROPROCESSOR 
8088/8088-2 
a 8&-Bit Data Bus Interface a 8-Bit and 16-Bit Signed and Unsigned 


16-Bit Internal Architecture Arithmetic in Binary or Decimal, 


x ou Including Multiply and Divide 
a a = Compatible with 8155-2, 8755A-2 and 


8185-2 Multiplexed Peripherals 


= Direct Software Compatibility with 


= Two Clock Rates: 
iAPX 86/10 (8086 = 5 MHz for 8088 
ew 14-Word by 16-Bit Register Set with 8 MHz for 8088-2 


Symmetrical Operations = Available in EXPRESS 


u 24 Operand Addressing Modes - Standard Temperature Range 
a Byte, Word, and Block Operations - Extended Temperature Range 


The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 


MEMORY INTERFACE 


MIN | MAX | 


MODE MODE 
GND Vec 
A14 A15 
INSTRUCTION 
STREAM BYTE A13 A16/S3 
A12 A17/S4 
Ait A18/S5 
A10 A19/S6 
BUS AQ SSO (HIGH) 
INTERFACE ot 
UNIT A8& MUX 
AD7 RD 


EXECUTION UNIT 
CONTRO AD6 
AD5 


HOLD (RQ/GTO) 
HLDA (RO/GT1) 


SYSTEM 


AD4 WR (COCK ) 
AD3 10/M (S2) 
AD2 DT/R (S1) 
AD1 DEN (Sd) 
ARITHMETIC/ 
LOGIC UNIT ADO ALE (QS0) 
NMI TINTA (QS1) 
EXECUTION 
CLK READY 
GND RESET 
; 
Figure 1. iAPX 88/10 CPU Functional Block Diagram Figure 2. iAPX 88/10 Pin Configuration 
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Tabie 1. Pin Description 


The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “‘local bus” in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus 


buffers). 


A19/S6, A18/S5, 
A17/S4, A16/S3 


Address Data Bus: These lines constitute the time multiplexed memory/IO | 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and | 


float to 3-state OFF during interrupt acknowledge and local bus “hold acknowl- 
edge’. 


Address Bus: These lines provide address bits 8 through 15 for the entire bus 


cycle (T1-T4). These lines do not have to be latched by ALE to remain valid. | 
A15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 


and local bus ‘“‘hold acknowledge’”’. 


Address/Status: During T1, these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on these lines during 


T2, T3, Tw, and T4. S6is alwayslow. Thestatusof | ss _| ss | cuanactenistics 
the interrupt enable flag bit (S5) is updated at oe 0 | Alternate Data 


Stack 


the beginning of each clock cycle. S4 and S3 are rues Code or None 
encoded as shown. $6 is 0 (LOW) 


Data 


This information indicates which segment reg- 
ister is presently being used for data accessing. 


These lines float to 3-state OFF during local bus 


“hold acknowledge’. 


Read: Read strobe indicates that the processor is performing a memory or I/O 
read cycle, depending on the state of the 1O/M pin or S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 


This signal floats to 3-state OFF in “hold acknowledge”. 


READY: is the acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 


guaranteed if the set up and hold times are not met. 


interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 


vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This 


signal is active HIGH. 


TEST: input is examined by the ‘wait for test” instruction. If the TEST input is 


LOW, execution continues, otherwise the processor waits in an “idle” state. This 
input is synchronized internally during each clock cycle on the leading edge of 


CLK. 


Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. Asubroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 


a LOW to HIGH initiates the interrupt at the end of the current instruction. This 


input is internally synchronized. 
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Table 1. Pin Description (Continued) 


Name and Function 


RESET: causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. | 


Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


vec | 40 |__| Voc: is the +5V +10% power supply pin. 
pGno_ | 1.20 |_| GND: are the ground pins. | 


Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 


hae The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vcc). Only the pin functions which 
eres are unique to minimum mode are described; all other pin functions are as described above. 


Status Line: is an inverted maximum mode S82. It is used to distinguish a 
memory access from an I/O access. |O/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (l/O=HIGH, M@=LOW). 
|O/M floats to 3-state OFF in local bus ‘hold acknowledge”. 


Write: strobe indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the |O/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus “‘hold 
acknowledge’. 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


Data Transmit/Receive: is needed in a minimum system that desires to use an 
8286/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to $1 in the maximum 
mode, and its timing is the same as for 10/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local ‘hold acknowledge”. 


Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
\/O access, and for INTA cycles. For a read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
beginning of T2 until the middle of T4. DEN floats to 3-state OFF during local bus 
“hold acknowledge’”’. 


HOLD, HLDA 30,31 |,O | HOLD: indicates that another master is requesting a local bus “‘hold’’. To be 
acknowledged, HOLD must be active HIGH. The processor receiving the ‘‘hold”’ 
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or 
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 


- Status line: is logically equivalent to SO SO in the 
pate | maximum mode. The combination of SSO, 10/M 
ae and DT/R allows the system to completely de- 
oe eres code the current bus cycle status. 
igre 
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_CHARACTERISTICS 


Interrupt Acknowledge 
| Read VO port 
Write I/O port 


Halt 

Code access 
Read memory 
Write memory 
Passive 


-O+-0+-0+-0 (9 


ia 
Bees co's 
Table 1. Pin Description (Continued) ) am : Pas 
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The following pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX= aN J Only tk e pin rea 
functions which are unique to maximum mode are described; all other pin functions are as described above.  — 


. 


Name and Function 


Status: is active during clock high of T4, T1, 
and T2, and is returned to the passive state : an 
(1,1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 8288 bus con- 
troller to generate all memory and I/O access 
control signals. Any change by S2, S1, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. 


=-==+-o00+-+-00 
—~o-o-90o-0 


These signals float to 3-state OFF during “hold 
acknowledge’’. During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-state 
OFF. 


Request/Grant: pins are used by other local bus masters to force the processor me pene 
to release the local bus at the end of the processor's current bus cycle. Each a pee ) 
is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GT | hasan 
internal pull-up resistor, so may be left unconnected. The request/grant = 

quence is as follows (See Figure 8): i, 


oBy 
Kage Re at 
aw * 


4 


hi 
- ~ 
a 


st 
~~ 
+ 


re 
+4 


% oes: 
1. A pulse of one CLK wide from another local bus master indicates a local bus ie 
request (‘‘hold’’) to the 8088 (pulse 1). es, 


¥ 


2. During a T4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the “hold acknowledge’”’ state at the next CLK. 
The CPU’s bus interface unit is disconnected logically from the local bus 
during ‘hold acknowledge’. The same rules as for HOLD/HOLDA apply as for C 
when the bus is released. | tak 


‘ 


3. Apulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the “hold”’ request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 


Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 
LOW. 


If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will | 
follow: 


, 


1. Local bus will be released during the next clock. 
2. Amemory cycle will start within 3 clocks. Now the four rules fora currently 
active memory cycle apply with condition number 1 already satisfied. 


i ‘ * 
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Table 1. Pin Description (Continued) 

is eo Name and Function 
LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
“LOCK” prefix instruction and remains active until the completion of the next 


instruction. This signal is active LOW, and floats to 3-state off in “hold acknowl- 
edge”. iy ‘ 


‘Queue Status: provide status to allow external 
_ tracking of the internal 8088 instruction quéue. 


: 


0 (LOW) No operation 

0 First byte of opcode trom queue 
1 (HIGH) Empty the queue 

a Subsequent byte from queue 


The queue status is valid during the CLK cycle | 
after which the queue operation is performed. 


FUNCTIONAL DESCRIPTION | 


Memory Organization 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 


All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 


7 0 
[——T_ FFFFFH 


| CODE SEGMENT 


XXXXOH 


| STACK SEGMENT 
+ OFFSET | 


SEGMENT TR 


ieeeeee Tass | 
wore DATA SEGMENT 


Pavre | | 
ae 


EXTRA DATA SEGMENT 


Figure 3. Memory Organization 


Local Data 


DATA (DS) 


External (Global) Data 
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Reference Need Used Selection Rule 
instructions «(| -CODE(CS) ____—| Automatic with all instruction prefetch. 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Data references when: relative to stack, destination of strin 
operation, or explicitly overridden. : 


EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 


. = 


So Pe et ge ee 
a ge s me 
ae este Fe 
ase, 
. * 
8/10 . 
’ 


the next higher address location. The BIU will auto- _ 
matically execute two fetch or write cycles for 16-bit — 


operands. 


Certain locations in memory are reserved for specific | 
CPU operations. (See Figure 4.) Locations from ad- — 


dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system initial- 


ization routine. Following RESET, the CPU will always _ 
begin execution at location FFFFOH where the jump — 


must be located. Locations 00000H through O03FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 


set address direct program flow to one of the 256 possi- 


ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maxi-— My 


mum 8088 systems are sufficiently different that they 


‘cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 


pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vcc, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 


| FFFFFH 
RESET BOOTSTRAP 


PROGRAM JUMP 
= FFFFOH 


e 
INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 


: INTERRUPT POINTER 
FOR TYPE 0 


Figure 4. Reserved Memory Locations 
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ni iniinum mode 8088 can he used with either a 
; nultiplexed or demultiplexed bus. The multiplexed bus 
5 ae onfigt uration is compatible with the MCS-85™ multi- 
cae ed | bus peripherals (8155, 8156, 8355, 8755A, and 

—- 8185 . This configuration (See Figure 5) provides the user 
ith: 2 minimum chip count system. This architecture 
hanes 8088 processing power ina highly integrated 


” 
aS. 


: ening or two latches (for a full miegaliate of ae 
essing). A third latch can be used for buffering if the 
| bus. loading requires it. An 8286 or 8287 trans- 
in also be used if data bus buffering is required. 
pe 6.) The 6088 provides D DEN and DTIR to con- 


trol the transceiver, and ALE to latch the addresses. 


This configuration of the minimum mode provides the — 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller. 


(See Figure 7.) The 8288 decodes status lines SO, S1, 


and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue Status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. : 
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The 8088 address/data bus. is broken into three carts oa 
the lower eight address/data bits (ADO-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middie eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 


ADDA/STATUS 


ADDRIDATA 


MEMORY ACCESS TIME 


nat sae Ty «Pe 8 t. . . ey 
Pe eee! NE ON iP ip = 1 ate 
if, ities a 


Figure 8. Basic System Timing | 
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a a single address latch if a standart non-mu tiple 
bus is desired for the system. 
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cycles. These are referred to as T1,-T2, 73, and 14, apes ie 
Figure 8). The address is emitted from the processor _ 
during T1 and data transfer occurs on the bus during ma 
and T4. T2 is used primarily for changing the direction of Sia . 
the bus during read operations. In the event thata “NOT. = 
READY” indication is given by the addressed device, ; 
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“wait” states (Tw) are inserted between T3 and T4. Each 
inserted “wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as “idle” states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 


During T1 of any bus cycle, the ALE (address latch enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/Mx strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 


CHARACTERISTICS 


Interrupt Acknowledge 
Read 1/0 

Write /O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


0 
0 
1 
1 
0 
0 
1 
, 


-oO-'0O- 0+ 0 


Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to the 
following table: 


CHARACTERISTICS 


Alternate Data (extra segment) 
Stack 

Code or None 

Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


/O Addressing 


In the 8088, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-A0. The 
address lines A19-A16 are zero in I/O operations. The vari- 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instruc- 
tions directly address one or two of the 256 I/O byte 
locations in page 0 of the I/O address space. I/O ports are 
addressed in the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses |/O with an 


- 8-bit address on both halves of the 16-bit address bus. The 


8088 uses a full 16-bit address on its lower 16 address 
lines. 


EXTERNAL INTERFACE 


Processor Reset and Initialization 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. The 
8088 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, begisning with’ the 
instruction in absolute location FFFFOH. (See Figure 4.) 
The RESET input is internally synchronized to the proces- 
sor clock. At initialization, the HIGH to LOW transition of 
RESET must occur no sooner than 50 us after power up, to 
allow complete initialization of the 8088. 


If INTR is asserted sooner than nine clock cycles after the 
end of RESET, the processor may execute one instruction 
before responding to the interrupt. 


All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 


Interrupt Operations 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the iAPX 88 book or the 
iAPX 86,88 User’s Manual. Hardware interrupts can be 
classified as nonmaskable or maskable. 


Interrupts result in a transfer of control to anew program 
location. A 256 element table containing address pointers 
to the interrupt service program locations resides in abso- 
lute locations 0 through 3FFH (see Figure 4), which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt “type.” An 
interrupting device supplies an 8-bit type number, during 
the interrupt acknowledge sequence, which is used to 
vector through the appropriate element to the new inter- 
rupt service program location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
Causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock’cycles, but i Rot required’tebe | 
synchronized to the clock. Any higher going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves (2 bytes in 
the case of word moves) of a block type instruction. Worst 
case response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification on 
the occurrence of the low-going edge; it may occur 
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before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering ex- 
traneous responses. 


Maskable Interrupt (INTR) 


The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
‘FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 


During the response sequence (See Figure 9),'the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 
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and sample period. The interrupt return instruction in- 


cludes a flags pop which returns the status of the 
Original interrupt enable bit when it restores the flags. 


HALT 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the system to latch 
the halt status. Halt status is available on IO/M, DT/R, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on S2, S1, and SO, and the 8288, 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. . 


Read/Modify/Write (Semaphore) Operations 
via LOCK 


The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the “exchange register with memory” 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish ‘test 
and set lock” operations. The LOCK signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a RQ/GT pin will 
be recorded, and then honored at the end of the LOCK. 


TYPE VECTOR 


Figure 9. interrupt Acknowledge Sequence 
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_ External Synchronization via TEST 


As an alternative to interrupts, the 8088 provides a 
single software-testable input pin (TEST). This input is 
utilized by executing a WAIT instruction. The single 
WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does 
not consume bus cycles once the queue is full. 


if alocal bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize interrupts and process them. 


The WAIT instruction is then refetched, and reexecuted. 


_ Basic System Timing 


In minimum mode, the MN/MX pin is strapped to Voc 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MxX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. — 


System Timing — Minimum System 
(See Figure 8.) 


The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (ADO-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to T4 the 
1O/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) is required to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 


A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. (See 
Figure 9.)\.In the second of two successive INTA cycles, 


% : feaag fearak ac SED, ah fees ie iis oe ie een ea x == [ ES had ibe Ws, 4 a oat ey * rs fee he 25 Pa a - sae a ~ ae 
“ +. L 4 - =a = * E<Ses » - “ 4 aad Lh. ees ae pe Saad — * i fs 
ar iae = a res Wa es a 25 : rad 2 =< Ses nase ; 2 < bef a Sys 43 oe as 

SS = . " homer a" Bagel $ eed 

. % Pee i Reig ee ce ; rae. ie rae ee? 5 _ SFE ae Ses 

~_ - fy . r rs Ss _ 2 LA a ee - “4 ioe an g : } a Sle te oS Ea 

Ld] ; rah 7 + ‘ a » Ty ; ~ 

i : , ; . ‘ 
| intel iAPX 88/10 PRELIMINARY 


a byte of information is read from the data bus, as sup 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 


Bus Timing — Medium Complexity Systems 


(See Figure 10.) 


For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 8288 bus controller is added to 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading greater than the 8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 


_ the 8288 instead of the processor in this configuration, 


although their timing remains relatively the same. The 
8088 status outputs (S2, S1, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans. 
ceiver receives the usual T and OE inputs from the 
8288's DT/R and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge Se- 
quence and software ‘‘poll’’. 


The 8088 Compared to the 8086 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the iAPX 86, 88 User’s Manual, Chapters 2 and 
4, for function description and instruction set information: 
Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 
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ee Thee Bocuse cca e: 


ee in the 088, wher as 
8086 queue contains 6 bytes, or three words. ‘The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 


e To further optimize the queue, the prefetching algo. 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a1 
byte hole (space available) in the queue. The 8086 
waits until a 2- byte space is available. 


-@ The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 


- The 8088 and 8086 are completely software compatible 
_ by virture of their identical execution units. Software 


that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. 


. T a ‘eaves interface ee the 8088 c c 


_¢ BHE has no meaning on the 8088 and has been 


differences between the two CPUs. 7 p 
ments are nearly identical, however, wit h the f 
functional Changes: ; 


e A8-A15 — These pins are sane eats outputs onthe 
8088. These address lines are latched internal y and | 
remain valid throughout a bus cycle in a manr 

~ similar to the 8085 UPP aE address lines. es * Fe. 
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bus status in minimum mode. 
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e 1O/M has been inverted to be compatible wit 
MCS-85 bus structure. ; ; 


e ALE is delayed = one clock cycle in thes nimi 
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Figure 10. Medium Complexity System Timing 
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D.C. CHARACTERISTICS 


Input Low Voltage 


arabe | Parameter | 


Output Low Voltage 
Output High Voltage 
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Input Leakage Current 


Output Leakage Current 


Clock Input Low Voltage 
Clock Input High Voitage 


Capacitance if Input Buffer 
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- Capacitance of I/O Buffer 
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_ reliability. 


(8088: Ta = 0°C to 70°C, Veg = 5V +10%) * 
(8088-2: Ta = 0°C to 70°C, Voc = 5V +5%) 


< 
O 
oO 
ae 
i=) 
f 


oO Oo |COO 
Wy =; ne) = . . 


< 
i?) 
i?) 

ae 

alk 


f | 
: ‘ 
4 “| Eee 
a At 
fo 25) 


im ttc 


i 
FRE ge Be a 


device. This is a stress rating only and | 
tion of the device at these or any other cc 


cation is not implied. Exposure to absolut 
rating conditions for extended periods may | 


OV <Vin <V 


fo=1 MHz pre 


i. 


r% - ty oh 
<, Piped ea se Pas ee 
a a 
<a a “ de SS 
peri eee 
Som ¢. Rei een 
mee eges. aS: hos 
poe . hg oe 
ed ” 
- oY Jt 
me eo ck rt 
S, 
5 es, 
. - 
> ie ¥ 
=< ys ee iat 1 : 
me : 2 


A.C. CHARACTERISTICS (goss: T, = 0°C to 70°C, Voc = 5V +10%)* SG 


at 


_ MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


an 
‘¢ 7 '* 
vt ae, 


Bae 
q- 


ne ri 
ve A 


Test 
Conditions 


| CLK Cycle Period 
CLK Low Time 118 
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_ A.C. CHARACTERISTICS (Continued) — 
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TCLAV | Address Valid Delay 
[| TOLAX 
~ ICL AZ TCLAX _ 
TLHLL | ALE Width TCLCH-20 
TCLDV 
TCHDX 
TOVOT | Contol Active Delay 
THOT 


Address Float to READ 
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AES Address Active eee 
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A.C. CHARACTERISTICS 


___ MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 


: _ TIMING REQUIREMENTS 


| Test Conditions 


CLK Low Time 
CLK High Time 


CLK Rise Time From 1.0V to 3.5V 


| Data In Setup Time 
| Data In Hold Time 


RDY Setup Time into 8284 
(See Notes 1, 2) 


RDY Hold Time into 8284 
(See Notes 1, 2) 


| READY Setup Time into 
8088 — . 
| READY Hold Time into 8088 


READY Inactive to CLK (See 
Note 4) , 


Setup Time for Recognition 
(INTR, NMI, TEST) 
(See Note 2) 


Se : ese : 1G ICH | RQ/GT Setup Time } 
«| TCHGX = |_ RQ Hold Time into 8086 
oe 


CLK Fall Time : From 3.5V to 1.0V 


| TRYLCL 


Input Rise Time 


Cr dog | (Except CLK) 
| TIHIL Input Fall Time (Except CLK) 


(NOTES: 
1, Signal at 8284 or 8288 shown for reference only. 
ss 2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3 state). 
4. Applies only to T2 state (8 ns into T3 state). 
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A.C. CHARACTERISTICS 
TIMING RESPONSES 


TCLML 
TCLMH 


TRYHSH 


TCHSV 
TCLSH 


TCLAV 
TCLAX 


TCLAZ 


TSVLH 
TSVMCH 
TCLLH 


TCLMCH 


TCHLL 


- 


Parameter 


Command Active Delay (See | 


Note 1) 


Command Inactive Delay (See 


Note 1) 


READY Active to Status Passive | 


(See Note 3) 


4 


Status Active Delay 


Status Inactive Delay 10 


. 
i 
. 


Note 1) 


Note 1) 


Note 1) 


Note 1) 


Status Valid to MCE High (See 


| Address Valid Delay 
Address Hold Time : 


Address Float Delay 
Status Valid to ALE High (See 


CLK Low to ALE Valid (See 


CLK Low to MCE High (See 


TCLMCL | MCE Inactive Delay (See Note 1 


TCLDV 
TCHDX 


TCVNV 


TCVNX 


TAZRL 


Data Valid Delay 
Data Hold Time 


Control Active Delay (See 
Note 1) 


ALE Inactive Delay (See Note 1) 


Control Inactive Delay (See 


Note 1) 


Address Float to Read Active 
RD Active Delay 
RD Inactive Delay 


RD Inactive to Next Address 


Active 


Direction Control Active Delay 


(See Note 1) 


Direction Control Inactive Delay — 


_(See Note 1) 


GT Active Delay 
GT Inactive Delay 
RD Width 


Oufput Rise Time 


| Output Fall Time | 


5 
| 10 
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Wim 5 


TCLCL—45 


21CLCL—7 
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re Bae 
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C_ = 20-100 pF for 
all 8088 Outputs — 
in additionto _ 
internal loads 


) +a 
4 { 
| 

4 


From0.8Vto  — |. 
2.0V ; 4 Wales d 
ne |From2.oVvto =| 
eS oe ‘i 0.8V Pa 3 Ba sf 25. 
= "3 oe a ‘ ; aS “ if cas ua s ? 
; “a ee: wes eRe athe ee 
Sie Sr? -AFN-00826D 
< re v tT 3 ot as eae 


TH T2 ; Ts 
TCLCL TCHiICH2 TCL2CL1 


— ae —— = 


aes SS ALL Se 
2S ea bees 


Ais —Ag 


AralSe-Are/Ss 


ty 


| ave (e288 ouTPUT) j / 


- 


| sora i | oo IT 


TCLR1) 
TRYLCL 


“READY (8088 INPUT) | 
TRYHSH —> 


eee ioe A TRYHCH —> 
as BEAECTOLE, ? | TCLAV-+| | TDVCL 


+-TRHAV 
Va 


TCHDTL ir TCHDTH 
BTR 


8288 OUTPUTS J} FaBs OR ORE 
SEE NOTES 5,6 


DEN 


WAVEFORMS (Continued) 


BUS TIMING—MAXIMUM 
MODE SYSTEM wx | veH 
(USING 8288) vcL 


\ 


r] 


52, $1, So (EXCEPT HALT) 


8288 OUTPUTS 


SEE NOTES 5,6 


SOFTWARE 


WRITE CYCLE 


AD7- AD, 


AMWC OR AlOWG 


MWTC OR IOWC 


INTA CYCLE 


Ais — Ag 


(SEE NOTES 3,4) 


AD7-ADo 


8288 OUTPUTS 
SEE NOTES 5,6 ) INTA 


DEN 


TCLAV 


FLOAT RESERVED FOR 
| CASCADE ADDR 


HALT ~ (DEN = Vo, ;RD,MRDC, ORC, MWTC,AMWC,|IOWC,AIOWC, NTA, DT/A = Von. 


AD7— ADo, Ais — Ae 


S2,$1,S0 
/ 
, * 
+ ar 
¢i5ral toes 
AB 8 
* vy 


NOTES: 


Ts 
z 
3. 
4. 
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INVALID ADDRESS 


ALL SIGNALS SWITCH BETWEEN Von AND Vo. UNLESS OTHERWISE 
SPECIFIED. 

RDY IS SAMPLED NEAR THE END OF Tp, T3, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 
CYCLES. 

TWO INTA CYCLES RUN BACK-TO- BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 


. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 
. THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS 


MRDC, MWTC, AMWC, [ORC, JOWC, ATOWC, INTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. 

ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 

STATUS INACTIVE IN STATE JUST PRIOR TO T,. 


~e x 4“ eee = és eee ane, eee 2 
ik J ‘ heey S fst 

i be : ia sa Siam % 
« ‘ 7, vie # 74 & 4 e <n 

« See See's . ts 
e™Me-s J *y , 7 ‘ PTS Bee | 
4 ‘4 .o 4 Ay S et . . gu z | 

: c e a, he at ‘ a 

/ : Ped ; ‘ef ey Fi Pie Se - 3 7 
s ” ~” ‘ x te 2 Pte 

: Ave . = ‘ ; * ne e's 
‘ * Y <0 


FLOAT 
TCLDX 


BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 


Any CLK Cycle me 


"ASYNCHRONOUS 
" » SIGNAL RECOGNITION 


Any CLK Cycle -—e 


TINVCH (see note 1} 


- 


Fest 


acs __ NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
_ SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK 


Any CLK Cycle —+|2-——— > 0-CLK Cycle —»| | 

: ‘ j 
ae —-TCLGH ioe oak , nen |-—TGVCH 

es — ‘ cic. ———— r TCHGX > 

a | | 


PULSE 1 


+ TCLGH 


PULSE 3 
COPROCESSOR PULSE 2 


8088 GT 


“s Bi | RO | 
nS 4 ; aie x j Previous grant TCLAZ = 
ae ArelSe - ArelSs 
Eat ees | Re 
me es) KPa Sal 8088 COPROCESSOR 
i: oe ghee re S32, Si, So 
= «AD, COCK (SEE NOTE 1) 


ys “NOTE: 1 THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE THE REGION 
- : SHOWN WITHOUT RISKING CONTENTION. 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


‘ ae he 1 CLK CYCLE— =—10OR 2 CYCLES ¢ 
‘ raven aia Nore " \ j«—THVCH 


HOLD :" 
j+ TCLHAV TCLHAV 


DATA TRANSFER 

Register /memory to/from register 
Immediate to register ‘memory 
Immediate to register 

Memory to accumulator 
Accumulator to memory 


Register /memory to segment register 


76543210 76543210 76543210 76543210 


‘data Fn data tw 1 } 


(ieee Toe a | 
Prroo0ttw [mos 000 7 


Segment register to register memory | 10001100 100 |modo 0 reg | 


PUSH Push: 
Register /memory 
Register 

Segment registe: 


POP Pop: 
Register/memory 
Register 

Segment register 


ACHE ~~ Exchange: 
Register/ memory with register 
Register with accumulator 


IN=Input trom: 
Fixed port: 
Variable port 


OUT = Output to: 

Fixed port 

Variable port 

XLAT: Translate byte to AL 
LEA-Load EA !o register 
LOS Load pointer to OS 
LES-Load pointer to ES 
LANF-Load AH with flags 
SANF - Store AH into flags 
PUSHF-Push flags 
POPF-Pop flags 


4 - 


ARITHMETIC 
ADO Add: 


Reg ‘memory with register to either — lo 0 00000 ow moc reg ft 


Immediate to register: memory 
Immediate to accumulator 


ADC Add with carry: 
Reg ‘memory with tw to either 
Immediate to regist emory 


Immediate to accumulator « 


IWC Increment: 

Register /memory 

Register 

AAA-ASC!I adjust for add 
DAA Decimal adjust tor add 


SUB © Subtract: 


Reg /memory and register to esther 


Immediate trom register /memory 
immediate from accumulator 


888 = Subtract with borrow 

Reg /memory and register to either 
Immediate trom register /memory 
Immediate trom accumulator 


TTT mee TO) 


mod000 1m 


La 
110110w , 
reg tom 
a 
gata ts OF 


wel 


000100 dwimod ‘eg + 


100000swimodd:0 1+ 


0001010w 


343 


| ‘ata % ( “gata ts or | 
: data t data wil J 


t111711twlmod000 +m | 


0 19 00 reg 


0010 


000110d w {mod reg tim 
100000sw|mod011 tm | gaa | datailsw OF 


O001T10W data 


dataitw } _ 


aa ara “SEE 


Mnemonics ©intel, 1978 ‘ 


_IAPX 26/10, 08/0 


DAS Decimal adjust tor sudtract 


immediate to register memory 
‘ 


RATS, 


DEC Decrement: 76543210 76543210 rasaazie 16 aan 
~ Register memory PREREREES CCT ot Sac Tg a 
Register 0 Sages 


WEG Change sign 


Sway ENiT mod0 13 11m . 


CMP Compare: : o* 
001110d wimod 


Register memory and register 


£eg 
Immediate with register memory Aa) Boe 
immediate with accumulator 
AAS ASCH adjust for subtract — 


MUL Multiply funsigned! 

IMUL Integer multiply isignedi 
AAM ASCII adjust for multiply. 

OW Divide iunsigned: 

IDIV Integer divide isigned) 

AAD ASCH adjusi for divide 

CBW Convert byte to word 

CWO Convert word !0 double word 


LOGIC 
NOT invert 
SHL/SAL Siti logical aninmetic tet! 
SHR Shitt logical right 

SAR Shitt arithmetic night 

ROL Rotate tett 

ROR Rotate right 

RCL Rotate through carry tlag tett 


1110%tw aE. 
ay 


of 


ACA Rotate through carry right 11 01 ! 10 Ovw vw modo ? HM ry rm 


AND And 
Reg memory and register to either 


ere 
(oer [rat or oe 


immediate to accumulator 


Register memory and register 
immediate data and register memory 
Immediate data and accumulator 


OR Or: ' ' 
[0000104 w|mod reg tim ye 


Reg ‘memory and register to either 
immediate to register memory 
Immediate to accumulator 


XOR Exclusive or: 
Req ‘memory and register to erther 


0011004 w|mod reg tim | : k 
1000000" [mosi101m | daa] 
0O07171010wT dataifw } 


Immediate to register /memory 
Immediate to accumulator 


¥ 
Neat 
ws 


re uF Fe 


a 


— 
r 


a ens 
gz’ 


. 


: ag 
STRING MANIPULATION , 2 
REP=Repeat 
MOVS=Move byte/word 
CMPS=Compare byte/word — 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 


STOS=Stor byte/wd from AL/A 


: » = Lal: iz 4 
es re > 


76543210 76543210. 


] Direct within pee : *s ; 
ret min segment 
Bicherkeahi nel 
zi ~ 
nae terse ay 


Direct within segment 
we. Direct within segment: short 
Fa Indirect within segment 


pean 
= Within seg. adding immed to SP 


sLe/ane Jump. less or equal/not 


~ J8=Jump. on sign 


t ee ean on not equal/not zero 
‘ “- Eu “4 not D sapicatel 


<A ‘bit PS 
AX = 16-bit accumulator 
20K = Count register 
~ DS = Data segment 
oe ES = Extra segment 


= Greater = more positive: 


41141111] mod101 ¢/m 
fy 1000011 


tioodoo10|  datatow _| 


J merseament | 
= = > Inersegment adding immediate to SP data-low 

__E/AT-Jump on equal /zer0 forstoroo] asp __—| 

” -—-SL/AWRE-Jump on less/not greater for111100| disp | 
Reet ae 
eda ia below /not above fo1110010] asp 
= rsa Sime on spalifvioarity even fors11010] asp | 
~~ s0-Jump on overtiow forrsooo0] asp 


101111000 


disp 


~ Above/below refers to unsigned value. 


thy, Less = less positive (more negative) signed values 
ap Ife d= 1 then “to” reg; if d = 0 then “from” reg 


ES _ if w= 1 then word instruction; if w = 0 then byte instruction 
SSE eis = » 
io it mod = 11 then r/m is treated as a REG field 


if mod = 00 then DISP = 0°, disp-low and disp-high are absent 


76543210 


mance JMP/JPO Jump on not par/par odd 


JMB/JAE- anne on not below /above . 


ual 
MBE /JA “ump on not below or 
equal/above 


JNO: Jump on not overflow 
JNS Jump on not sign 
LOOP Loop CX limes 


LOOPZ/LOOPE Loop while zero/equal 

LOOPNZ/LOOPWE Loop while not 
zero/equa' 

JCOXZ Jump on CX zero 


INT = Interrupt — 
Type specitied 
Type 3 
INTO Interrupt on overtlow 
IRET Interrupt return 
7 ‘4 
/ 
PROCESSOR CONTROL 
CLC Clear carry 
CMC Complement carry 
STC Set carry 
CLO Clear direction 
STD Set direction 
CLI Clear interrupt 


— 


11191010] 


STI Set interrupt ‘> Weg. PaO ae f 
mT Ha 


LOCK Bus lock prefix 


[Tj 9.000-F., 


if sw =01 then 16 bits of immediate data form the operand 

if s w= 11 then an immediate data byte is sign extended to 
form the 16-bit wah 38 

if v=0 then ‘‘count’’ =1. if v=1 then ‘count’ in (CL) 

x= don't care 

z is used tor string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX ¢ 


001+reg 110 


REG is assigned according to the following table 


76543210 76543210 


if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
_ if mod = 10 then DISP = disp-high: disp-low 


it r/m = 000 then EA = (BX) + (SI) + DISP. 

_if'r/m = 001 then EA = (BX) + (D1) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 

if. r/m-= 100 then EA = (SI) + DISP- 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

asi x if r/m = 111 then EA = (BX) + DISP 

Sopot .- ONGP follows 2nd byte of instruction (before data if required) 


“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


_ Mnemonics@Intel, 1978 


vo 4 
z . 
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16-Bit (w = 1) B-Bit (w - 0} 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 ODL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Ol 111 BH 


‘Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to” 


represent the file: 


ESC Escape ito externa! device) [1 WOR oe x] moo x x x im | 


Segment 


00 ~£—S 


01 CS 
10 SS 
11. DS 


FLAGS = X.X:X:X:(OF):(DF) (IF):(TF):(SF). (ZF) X:(AF) X (PF):X (CF) . 


eed 


iAPX 188 
baka INTEGRATION 8-BIT MICROPROCESSOR — 


= Integrated Feature Set — 2 MByte/Sec Bus Bandwidth 
—Enhanced 8088-2 CPU Interface ies 
—Clock Generator = Completely Object Code Compatible ty 
—2 Independent, High-Speed DMA _ with All Existing iAPX 86, 88 Software = ie 
Channels : —10 New Instruction Types avon 
—Programmable Interrupt Controller Se 
—3 Programmable 16-bit Timers | = Direct Addressing Capability to” gaa 
—Programmable Memory and } 1 MByte of Memory 7 se 
Peripheral Chip-Select Logic _ ® Complete System Development a 
—Programmable Wait State Generator _ Support ee 
—Local Bus Controller — Development Software: Assembler, ae 


# 8-Bit Data Bus Interface; 16-bit internal PLM Degeel, Pare ae Ss 


architecture ene ei ee itEmulator (ICE™-188) 
_® Available in 8MHz (80186) and cost Bn abd i J achians or = i 
effective 6 MHz (80186-6) versions | Be es 86, 88 Compatible ines 30 


= High-Performance 8 MHz Processor 


—2 Times the Performance of the = High Performance Numerical 


Coprocessing Capability Tugh e087 


Standard iAPX 88 x ; 
Interface | 
, 
INT3/INTAI " o 
INT2/INTAO ee i 
? CLKOUT Vcc GND fons TMR OUT 1 TMROUTO | 
; ; , _ TMRIN TMR IN 
NMI INTO 1 0 


PROGRAMMABLE 
TIMERS 


De Oe Ee : 
MAX COUNT ¥ 
REGISTER B NN 
MAX COUNT 
REGISTER A 
CONTROL REGISTERS 
COUNT REGISTER 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


CONTROL 
REGISTERS 


16-BIT 
GENERAL 
PURPOSE 

REGISTERS 


DRQO 
DRQ1 


shire et 


CHIP-SELECT 
SRDY ~ UNIT SOURCE POINTERS 
ARDY 
INTERFACE 
TEST es UNIT 16-BIT DESTINATION 
HOLD Saeco si POINTERS 
REGISTERS 
HLDA “BYTE Bia fe 16-BIT, 
ONTROL 
Bae - PREFETCH REGISTERS TRANSFER COUNT 


PCS6/A2 


LOCK RD ADO- A16/S3- PCSS/A1 


' AD17 A19/S6 
DT/R s7 A8-A15 


CONTROL 
i" ele ae 


MCSO-3 PCSO-4 


Figure 1. iAPX 188 Block Diagram xe 
+3 Intel Corporation Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No ier steely Patent Licenses are implied. 
ATE sae RORY ORBTION, 1982. ‘ Sack mee ee i 
Bet 7 Se ae ee a dj 4 » ‘ : roe 5 te *. ae - . > 3-439 = BH. ze e 5 3 ax rus: ‘i "OnE NUMBER 0706-001 
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iAPX 188 - PRELIMINARY i 


f 


The Intel iAPX 188 (80188 part number) is a highly integrated microprocessor with an 8-bit data bus interface and a 


ae ze S a4 16-bit internal architecture to give high performance. The iAPX 188 effectively combines 15-20 of the most common 
ua oa ___ jiAPX 88 system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
ss JAPX 88. The iAPX 188 is upward compatible with iAPX 86 and 88 software and adds 10 new instruction types to the 
NS a seas existing set. 
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Figure 2. 80188 Pinout Diagram 


“aie aap eee Table 1. 80186 Pin Description 


Name and Function 
System Power: + 5 volt power supply. 
System Ground. 


Reset Output indicates that the 80186 CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 


Crystal Inputs, X1 and X2, provide an external connection for a fundamental mode 
parallel resonant crystal for the internal crystal oscillator. X1 can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented X1. The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 


‘ 


System Reset causes the 80186 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80186 clock. The 80186 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This input 
is provided with a Schmitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 80188 will drive the status lines to an inactive level 
for one clock, and then tri-state them. 


0 , ‘ 3-440 ; j . AFNO1 483A 
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Table 1. 80188 Pin Description (Continued) 


Type Name and Function 


TE ST is examined by the WAIT instruction. If the TEST input is HIGH a 
“WAIT” execution begins, instruction execution will suspend. TEST will be | a os 
resampled until it goes LOW, at which time execution will resume. If interrupts | \ _ 
are enabled while the 80188 is waiting for TEST, interrupts will be serviced. aa ee 
input is eee aD: tee . 


programmed timer mode. These iaiits are active HIGH (or LOW HIGH: | 
transitions are counted) and internally synchronized. oy ee 


= nee: 
: 
a fea 2 

a 


a} Bay See 
DMA eneniies sae: 0 or 1) perform a transfer. These 2 signals, are actne | a aS. rare 
He SL 


Timer outputs are used to provide single pulse or corm nes waveform re] 
ation, aspen upon the timer mode selected. } 


oA.5 


DRQO 
DRQ1 


Non-Maskable Interrupt is an edge-triggered input which causes a a type an x 
interrupt. NMI is not maskable internally. A transition from a LOW to. HIGH | | 
initiates the interrupt at the next instruction boundary. NMI is latched inter- 


TMR IN 0, 
TMR IN1 


INTO, INT1, 45,44 
INT2/INTAO 42 
INT3/INTA1 41 


synchronized internally. INT2 and INT3 may be continues! via eres tat 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure | — 
recognition, all interrupt requests must remain active until the interrupt iS box: 
acknowleged. When iRMX mode is selected, the function of these nee aS wes 
changes (see Interrupt Controller section of this data sheet). aN 


_ A19/S6, 65-68 
A18/S5, 
A17/S4, 
A16/S3 


AD7-ADO 2,4,6,8, 
11,13,15,17 
| A15-A8 “"1,3:5,7 

10,12,14,16 

A 


Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most | 

significant address bits during T,. These signals are active HIGH. During To, a 

3 Tw, and Ty, status information is available on these lines as encoded | 5 
elow: 


Processor Cycle DMA Cycle 


$3,S4, and S5 are detined as LOW during To-Tq4. 


Address/Data Bus (0-7) signals constitute the time mutiplexed memory or 0 | ae ; 
address (T+) and data (T2, T3, Tw, and T4) bus. The bus is active HIGH, x. 


O0O00 


fe) 


Address-only Bus (8-15), containing valid address from T1-T4. The bus is active 
HIGH. 


This signal is always HIGH to indicate that the 80188 has an ee data bus, at is 
tri-state OFF during bus HOLD. 


Name and Function 


Address Latch Enable/Queue Status 0 is provided by the 80188 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T; of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 80188 The trailing ce is generated off the CLKOUT rising edge in T; as 
in the 80188 Note that ALE is never floated. 


Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an |/O device. WR is active for Tz, T3, and Tw of any write 
cycle. It is active LOW, and floats during “HOLD.” It is driven HIGH for one clock 
during Reset, and then floated. When the 80188 is in queue status mode, the 
ALE/QS0O and WR/QSi pins provide information about processor/instruction 


queue interaction. 
Queue Operation 


No queue operation 


First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 


Read Strobe indicates that the 80188 is performing a memory or |/O read cycle. 
RD is active LOW for To, T3, and Tw of any read cycle. It is guaranteed not to go 
LOW in To until after the Address Bus is floated. RD is active LOW, and floats 
during “HOLD.” RD is driven HIGH for one clock during Reset, and then the 
output driver is floated. Aweak internal pull-up mechanism on the RD line hols 
it HIGH when the line is not driven. During RESET the pin is sampled to 

‘determine whether the 80188 should provide ALE, WR, and RD, or if the 

Queue-Status should be provided. RD should be connected to GND to provide 

Queue-Status data. 


Asynchronous Ready informs the 80188 that the addressed memory space or 
I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80188. This means that the falling edge of ARDY must be 
synchronized to the 80188 clock. If connected to Vcc, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. If unused, this line should be tied low. 


Synchronous Ready must be synchronized externally to the 80188. The use of 
SRDY provides a relaxed system-timing specification on the Ready input. This is 
accomplished by eliminating the one-half clock cycle which is required for internally 
resolving the signal level when using the ARDY input. This line is active HIGH. If this 
line is connected to Voc, no WAIT states are inserted. Asynchronous ready (ARDY) 
or synchronous ready (SRDY) must be active before a bus cycle is terminated. If 
unused, this line should be tied low. 


LOCK output indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is requested by the LOCK 
prefix instruction and is activated at the beginning of the first data cycle associated 
with the instruction following the LOCK prefix. It remains active until the completion 
of the instruction following the LOCK prefix. No prefetches will occur while LOCK is 
asserted. LOCK is active LOW, is driven HIGH for one clock during RESET, and 
then floated. If unused, this line should be tied low. 
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Interrupt Acknowledge — 
Read I/O 

Write 1/0 

Halt iad ese 
Instruction Fetch  — = 
Read Data from Memory 
Write Data to Memory. 
Passive (no bus cycle) 


ep) 
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The status pins float during “HOLD.” 
S2 may be used as a logical M/IO indicator, and S1 as a DT/R indicator. 


The status lines are driven HIGH for one clock bia Reset, and then fl 
until a bus cycle begins. eee te 


HOLD indicates that another bus master is requesting the local bus. The 

input is active HIGH. HOLD may be asynchronous with respect to the 
clock. The 80188 will issue a HLDA in response to a HOLD request at the e1 
T4 or T;. Simultaneous with the issuance of HLDA, the 80188 will float the lo 
bus and control lines. After HOLD is detected as being LOW, the 80188 ji 
lower HLDA. When the 80188 needs to run another bus cycle, it will agniet old 

the local bus and control lines. ee 


HOLD (input) 
HLDA (output) 


This line is not floated during bus HOLD. The dtidress range sttuaba ; 
software elit le 


made to the defined lower portion (1K-256K) of memory. This line” is | ‘ 
floated during bus HOLD. The address range activating LCS is softwar 
programmable. « 


Mid- -Range Memory Chip Select signals are active LOW when a me ory | 
reference is made to the defined mid-range portion of memory (8K- -512K). + 
These lines are not floated during bus HOLD. The address ranges activating LS 

MCSO0-3 are software programmable. 5 tte 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to p eee 
the defined peripheral area (64K byte I/O space). These lines are not floated esis 
during bus HOLD. The address ranges activating PCSO0-4 are software | et 

programmable. ; aes 


Peripheral Chip Select 5 or Latched A1 may be programmed to provide a a sixth 1 
peripheral chip select, or to provide an internally latched A1 signal. The | | 
address range activating PCS5 is software programmable. When programmed Sn 
to provide latched A1, rather than PCS5, this pin will retain the previously | — J 
latched value of A1 during a bus HOLD. A1 is active HIGH. 2 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a | _ 
seventh peripheral chip select, or to provide an internally latched A2 signal. | 
The address range activating PCS6 is software programmable. When pro- | 
grammed to provide latched A2, rather than PCS6, this pin will retain the | — 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. : 


Data Transmit/Receive controls the direction of data flow through the external _ 3, / 
8286/8287 data bus transceiver. When LOW, data is transferred to the Sainfneic’ 
When HIGH the 80188 places write data on the data bus. 


Data Enable is provided as an 8286/8287 data bus transceiver output enable. iz 
DEN is active LOW during each memory and 1/O access. DENi is HIGH mmhapber ie 
OT/R changes state. . | ; 
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PRELIMINARY 


_ FUNCTIONAL DESCRIPTION 


_ Introduction 


The following Functional Description describes the 
base architecture of the iAPX 188. This architecture is 
common to the iAPX 86, 88, and 286 microprocessor 
families as well. The iAPX 186 is a very high integration 
8-bit microprocessor. It combines 15-20 of the most 
common microprocessor system components onto one 
chip while providing twice the performance of the 
standard iAPX 88. The 80188 is object code compatible 
with the iAPX 86, 88 microprocessors and adds 10 new 
instruction types to the existing iAPX 86, 88 instruction 
set. 


iAPX 188 BASE ARCHITECTURE 


The iAPX 86, 88, 186, 188, and 286 family all contain the 
same basic set of registers, instructions and addressing 
modes. The 80188 processor is upward compatible 
with the 8086, 8088, 80186, and 80286 CPUs. 
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Register Set 


The 80188 base architecture has fourteen registers 


as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


General Registers 

Eight 16-bit general purpose registers used to con- 
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 


16-BIT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS 


BYTE 
ADDRESSABLE 
(8-BIT 
REGISTER 
NAMES 


MULTIPLY DIVIDE 


INDEX REGISTERS 


STACK POINTER 


SHOWN) ) 
BASE REGISTERS 


GENERAL 
REGISTERS 


1.0 INSTRUCTIONS 


LOOP SHIFT REPEAT COUNT 


Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 
Four of the general purpose registers may also be 
used to determine offset addresses of operands in 


memory. These registers may contain base ad- 


dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 


Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4,6, 7, and 11) and controls the operation of the 
80188 within a given operating mode (bits 8, 9, and 


« 10). The Status Word Register is 16-bits wide. The 


function of the Status Word bits is shown in Table 2. 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 
SEGMENT REGISTERS . 


0 
STATUS WORD 


INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


Figure 3a. 80188 General Purpose Register Set 
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STATUS FLAGS. 

CARRY - 
- PARITY 
AUXILIARY CARRY 
ZERO 
SIGN 
OVERFLOW 


11 10 


\\\\\ INTEL RESERVED 


; 


Table 2. Status Word Bit Functions 


Bit 
Position 
Carry Flag—Set on high-order bit 
carry or borrow; cleared otherwise | - 


Parity Flag—Set if low-order 8 bits ' 
of result contain an even number of 
1-bits: cleared otherwise 


Set on carry from or borrow to the. 
low order four bits of AL; cleared 
otherwise 


Zero Flag—Set if result is zero; 
cleared otherwise 
Sign Flag—Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


Single Step Fiag—Once set. a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


Interrupt-enable Filag—When. set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the signed 
result Cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 


C 


. 
PF 


Cece. 
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rd 
F 


S 


ad 
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Instruction Set 


The instruction set is divided into seven categories: — 
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register, in the instruction itself, or in memory 
cific operand addressing modes ar 


e discussed later 
in this data sheet. ee 
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Memory Organization 

Memory is organized in sets of segments. Each seg- Shee 
guous sequence of up to 64K 
(2'®) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit == 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The = 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset = 
value to yield a 20-bit physical address (see Figure 5). : S ee 
This allows fora 1 MByte physical address size. tS 


ment is a linear conti 


All instructions that address operands in memory | 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, __ 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see ; 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that _ 
require areas for code and data, a stack, and 
to external data areas. 


1, 

” e 

— 
a. 


XCHG - Exchange byte or word 
Translate byte 


| INPUT/OUTPUT 
; po en. MapulbyWorword” 
: Ai Output byte or word 


| FLAG TRANSFER 


Load AH register from flags 


SUBTRACTION 
Subtract byte or word 
| DEC | Decrementbyteorwordbyt | 
| NEG | 


SBB 
DEC 
NEG Negate byte or word 
. Compare byte or word 
DAS 
~ MUL 


ASCII adjust for subtraction 
Decimal adjust for subtraction 


MULTIPLICATION 


| MUL | Multiplybyteorwordunsigned 
ASCII adjust for multiply 
| 


3-446 


—s- PRELIMINARY 


Sige ia eetinemet eo 


Ton | “inclusive or"byteorword 


| ROR | Rotaterightbyteorword 


FLAG OPERATIONS 


i 
cu 
Walt 


TD 
LD 


OQ 


019}2 
atte. 


wn 


LOCK Lock bus during next instruction 
NOP 


HIGH LEVEL INSTRUCTIONS 


ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit . 
BOUND Detects values outside prescribed range 


m 
Ww 


Figure 4. iAPX 188 Instruction Set 


AFN-01483A 


x 


Oe gave k Jump if carry 
Jump if equal/zero 
[IGEWNL | Jumpitgreaterorequalnotiess | LOOPELOOPZ | 
JCXZ 

S) 


JAVJNBE © Jump if above not below nor equal 


Loop if equal/zero 
Loop if not equal/not zero _ 
Jump ifregisterCX =O 


PS ee 
i ogc j 


Loop es : 
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JP/JPE Jump if parity/parity even 
Jump if sign 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. +. 


MODULE A 


SHIFT LEFT 4 BITS RIES SEGMENT 
BASE , 

15 0 LOGICAL 
bats ik ten a Retire 
foe 2 2j+—— 
15 0 


MODULE B 


19 0 
TO MEMORY 


PROCESS 


Figure 5. Two Component Address 


Table 3. Segment Register Selection Rules 


_ PROCESS 
DATA 
BLOCK 1 


Memory 
Reference 
Needed 


Instructions 


Segment 
Register 
Used 


Code (CS) 


implicit Segment 
Selection Rule 


Instruction prefetch and 
immediate data. 


All stack pushes and 
pops; any memory refer- 
ences which use BP Reg- 
ister as a base register. 


All string instruction 
references which use |. 
the DI register as an- 

index. | 


Stack Stack (SS) 


External 
Data 
(Global) 


Extra (ES) 


_ Figure 6. Segmented Memory Helps) 


data references. | 
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. Addressing Modes 


ie  TAPX 188 


So ee pee 


 PRELIGOMARY 


The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 


_ or immediate operands: 


e Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 


_ chosen by the addressing mode or explicitly chosen 


by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
_ registers); and 


e the index (contents of either the Si or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 


- Eight-bit displacements are sign extended to 16-bit 


values. 


- Combinations of these three address elements 


define the six memory addressing modes, described 
below. 


e Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 


e Register Indirect Mode: The operand's offset is in 
one of the registers SI, Di, BX, or BP. 


e Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 


¢ /ndexed Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or Di). 


Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 


Based Indexed Mode with Displacement: The 
operand’s offset is the sum of a base register’s 
contents, an index register’s contents, and an 8- or 
16-bit displacement. 
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Data Types 


The 80188 directly supports the following datatypes: 


e /nteger: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. Signed 


32- and 64-bit integers are supported using the 
iAPX 188/20 Numeric Data Processor. 


® Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 

e Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 


String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


ASCIil/: A byte representation of alphanumeric and 
control characters using the ASCli standard of 
character representation. 


BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

e Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 188/20 Numeric Data 
Processor configuration.) 


« 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 188. 


i/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
Ais5-Ag are LOW. I/O port addresses 00F8(H) through 
OOFF(H) are reserved. 


interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. | 
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ASCII 
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PACKED 
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STRING 


BYTE WORD N 
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0 


3 


0 


BCD BCD 
DIGIT 1 DIGIT 0 


+1 0 


7 07 0 


ASCII ASCII 
CHARACTER; CHARACTER) 


+1 
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SIGNIFICANT DIGIT 


+46. “1 Gram, 3 0 


BYTE WORD 1 BYTE WORD 0 


16 15 +1 0 0 


SEE rs ee FB DS Ss eS ee 


SELECTOR 
79 49 - +8 +7 


SIGN BIT ~ 
EXPONENT 


NOTE: 


“SUPPORTED BY iAPX 188/20 NUMERIC DATA PROCESSOR 


CONFIGURATION. 


Figure 7. iAPX 188 Supported Data Types 
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Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 


an instruction. If the exception was caused by ex- — 
ecuting an ESC instruction with the ESC trap bit set 


in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 


tion if the prefix was present. In all other cases, the _ 


return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A ‘table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 


Non-maskable hardware interrupts use apredefined __ 


internally supplied vector. 
Interrupt Sources 
The 80188 can service interrupts generated by soft- 


ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 


OP, etc.) or the results of conditions specified by 


instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 


table is indexed by using the interrupt vector type 
‘(Table 4), multiplied by four. All hardware-generated 


interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80188 interrupts are described 
below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 
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Table 4. 80188 Interrupt Vectors 


—4 


Related 
Instructions 
Divide Error DIV, IDIV 
Exception 
Single Step All 
Interrupt 
NMI — All | 
Breakpoint INT | 
interrupt 
INTO Detected INTO 
Overflow 
Exception 
Array Bounds BOUND 
Exception 
Unused-Opcode Undefined 
Exception Opcodes 
ESC Opcode — ESC Opcodes 
Exception 
Timer 0 interrupt Baer" 
Timer 1 Interrupt 2B""** 


Timer 2 Interrupt A. @ ha 
Reserved 

DMA 0 Interrupt 
DMA 1 Interrupt 
INTO Interrupt 
INT1 Interrupt 
INT2 Interrupt 
INTS Interrupt 


NOTES: 

*1. These are generated as the result of an instruction 
execution. 

**2. This is handled as in the 8088. 

****3. All three timers constitute one source of request to the 
interrupt controller. The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

***5. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 


SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 


NON-MASKABLE INTERRUPT—NMiI (TYPE 2) 
An external interrupt source which cannot be 
masked. 


BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 

(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
Set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 
UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined 
opcodes. : 


ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFh). This exception will only be generated if a 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskabledinterrupts and non-maskable in- 
terrupts. The 80188 provides maskable hardware in- 
terrupt request pins INTO-INT3. In addition, 
maskable interrupts may be generated by the 80188 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 


Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardiess of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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causes an interrupt with an internaily supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step interrupt 


The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 80188 to 
terminate all execution and local bus activity. No 
instructionor bus activity will occur as long as RES is 
active. After RES becomes inactive and an internal pro- 
cessing interval elapses, the 80188 begins execution 
withthe instruction at physical location FFFFO(H). RES 
also sets some registers to predefined values as shown 
in Table 5. 


Table 5. 80188 initial Register State after RESET 


Status Word FO02(H) 
Instruction Pointer 0000(H) 
Code Segment FFFF(H) 
Data Segment O000(H) ~ 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


THE 80188 COMPARED TO THE 80186 


The 80188 CPU is an 8-bit processor designed around 
the 80186 internal structure. Most internal functions of 
the 80188 are identical to the equivalent 80186 func- 
tions. The 80188 handles the external bus the same 
way the 80186 does with the distinction of handling 
only 8 bits at a time. Sixteen bit operands are fetched 
or written in two consecutive bus cycles. Both proces- 
sors will appear identical to the software engineer, 
with the exception of execution time. The internal 
register structure is identical and all instructions have 


The iAPX 188 provides an on-chip clock generator _ 
for both internal and external clock generation. The _ 


ready inputs, and reset circuitry. 
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are three differences between the 80188 ‘and the % 
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; ac 

* The queue length is 4 bytes in the 80188, whereas Eta 3 
the 80186 queue contains 6 bytes, or three words. tay 
The queue was shortened to prevent overuse of the - ieee: ‘ 
bus by the BIU when prefetching instructions. This yf +e 
was required because of the additional time neces- _ 
sary to fetch instructions 8 bits atatime., 
To further optimize the queue, the prefetching algo- 
rithm was changed. The 80188 BIU will fetch 
instruction to load into the queue each time thé 
a 1-byte hole (space available) in the queue. 
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80186 waits until a 2-byte space is available. ui 
The internal execution time of the instruction 1 2 hades 
affected by the 8-bit interface. All 16-bit fetch sand — tee woes 
writes from/to memory take an additional four clock | tag e 
cycles. The CPU may also be limited by the spe edof eee renee 
instruction fetches when a series of simple opera- no ee 
tions occur. When the more sophisticated ir struc- Pes a 
tions of the 80188 are being used, the queue has —™ 
time to fill and the execution proceeds as Beis the: a Be 
execution unit will allow. chee 
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The 80188 and 80186 are cumanisinne software Pee 
ible by virture of their identical execution units. Soft- # 
ware that is system dependent may not be completely — 

transferable, but software that is not system depen- =e 


dent will operate equally well onan 80188 or an 80186. hs : 
The hardware interface of the 80188 contains the - 
major differences between the two CPUs. The pin | 
assignments are nearly identical, however, with the — 
following functional changes. ! te 
e A8-A15— These pins are only address outputs 0 on 
the 80188. These address lines are latched internally — 
and remain valid throughout a bus cycileina manner >. 
similar to the 8085 upper address lines. eae 
e BHE has no meaning on the 80188 and hae been 
eliminated. oes 
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iAPX 188 CLOCK GENERATOR 


clock generator features a crystal oscillator, a divide-_ 
by-two counter, synchronous and asynchronous 
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Oscillator 


The oscillator circuit of the iAPX 188 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 188. The 
recommended crystal configuration is shown in 
Figure 8. 


Figure 8. Recommended iAPX 188 Crystal 
Configuration : 


Clock Generator 


The iAPX 188 clock generator provides the 50% duty 
cycle processor clock for the iAPX 188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 188.. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The iAPX 188 provides both synchronous and asynch- 
ronous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of To, Tz and again in the middle of each Ty 
until ARDY is sampled HIGH. One-half CLKOUT cycle 
of resolution time is used. Full synchronization is per- 
formed only onthe rising edge of ARDY, i.e., the falling 
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edge of ARDY must be synchronized to the CLKOUT 
signal if it will occur during To, T3 or Ty. HIGH-to-LOW 
transitions of ARDY must be performed synchronously 
to the CPU clock. 


A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of To, Ts and again at the end of each 
Ty until it is sampled HIGH. By using this input rather 
than the asynchronous ready input, the half-clock cycle 
resolution time penalty is eliminated. 


This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 


In addition, the iAPX 188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The iAPX 188 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the iAPX 188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple iAPX 188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the-clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 
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LOCAL BUS CONTROLLER 


The iAPX 188 provides a local bus controller to 


generate the local bus control signals. In addition, it 


employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 


Memory/Peripheral Control 


The iAPX 188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 188 or to strobe data 
from the iAPX 188 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 188 local bus controller 
does not provide a memory/!/O signal. If this is re- 
‘quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the in- 
tegrated chip-select circuitry. 


Transceiver Control 


The iAPX 188 generates two control signals to be 
connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


[pinnae [~ Function 


DEN (Data Enable) | Enabies the output drivers of 
the transceivers. It is active 
LOW during memory, 1/0, or 
INTA cycles. 


DT/R (Data Transmit/ | Determines the direction of 


Receive) travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 


sor during a read operation. 
Local Bus Arbitration 


The iAPX 188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 


‘allow another master to drive these lines ST 


‘when the HOLD request is received. A HOLD request 


e Drive LOCK HIGH and then float. 
e Tristate ADO-7, A8-19, S7, DT/R. 
e Drive ALE LOW (ALE is never floated). 
e Drive HLDA LOW. 
7 ae Gee a 
| eet eee 
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izing the same bus « can opeiats at sapere clock fre- tore 
quencies. The iAPX 188 provides a single HOLD/HLDA — ah 
pair through which all other bus masters may ia gt 
control of the local bus. This requires external circuitry — eS = 
to arbitrate which externa! device will gain control oe ao 

the bus from the iAPX-188 when there is more than one ~ ce Ree 
alternate local bus master. When the iAPX 188 relin- ces 

quishes control of the local bus, it floats DEN, als ul De G 
S0-S2, LOCK, ADO-AD-15, A16-A19, S7, and my ee 


The iAPX 188 HOLD latency time, i.e., the time be 
tween HOLD request and HOLD acknowledge, isa 


is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, ifa DMA cycle isin 
progress, the iAPX 188 will complete the transfer 
before relinquishing the bus. This implies that if. : 
HOLD request is received just as a DMA transfer o 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer § 
operation is taking place from an odd address to. an 
odd address. This is a total of 16 clocks or more, if 
WAIT states are required. In addition, if locked trans: 
fers are performed, the HOLD latency time will be 
increased re the length of the locked transfer. 


Local Bus Controller and Reset 


ee 


the local bus controller will perform ca folowing i =e 
actions: ae 
® Drive DEN, RD, and WR HIGH for one ache cycle, - 
_ then float. 


a 
ey 


Sic — 
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NOTE: RD is also provided with an internal pues ae 
device to prevent the processor from inadvertently — 
entering Queue Status mode during reset. | 


e Drive S0-S2 to the passive state (all HIGH) and 
then float. 
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: os as All the iAPX 188 integrated peripherals are con- 


trolled via 16-bit registers contained within an inter- 
nal 256-byte contro! block. This control block may be 
mapped into either memory or I/O space. Internal 
~ logic will recognize the address and respond to the 
_ bus cycle. During bus cycies to internal registers, the 


; fe — bus controller will signal the operation externally 
(i.e, the RD, WR, status, address, data, etc., lines will 


be driven as in a normal bus cycle), but D7.o, SRDY, 


ek ioe -and ARDY will be ignored. The base address of the 
gh control block must be on an even 256-byte boundary 


_ (i.e, the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
~ block may be read or written by the 80188 CPU at any 


a u a time. The location of any register contained within 
the 256-byte control block is determined by the cur- 


rent base address of the control block. 


The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
_ bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 


= 8 not recommended (the chip select circuitry is dis- 


cussed later in this data sheet). In addition, bit 12 of 

this register determines whether the control block 

will be mapped into !/O or memory space. If this bit is 

1, the control block will be located in memory space, 

whereas if the bit is 0, the control block will be lo- 

- cated in I/O space. If the control register block is 

- mapped into I/O space, the upper 4 bits of the base 

address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 2OFFH. This causes the control 
block to Start at FFOOH in I/O space. An offset map 


ee. of the 256-byte control register block is shown in 


Figure 10. 
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The integrated iAPX 188 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. The data access from/to the 
256-byte internal control block will always be 16-bit 
and done in one bus cycle. | 


CHIP-SELECT/READY GENERATION 
LOGIC 


The iAPX 188 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits Al and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The iAPX 188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes. 
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OFFSET: FEH FET |RMX| X_ M/iO Relocation Address Bits R19-R8 


ET  =ESC Trap/ No ESC Trap (1/0) 


M/IO = Register block located in Memory / I/O Space (1/0) 
RMX = Normal Interrupt Controller mode / iIRMX compatible 


Interrupt Controller mode (0/1) 


Figure 9. Relocation Register 


OFFSET 


Relocation Register FEH 


interrupt Controller Registers 


Figure 10. Internal Register Map 


Upper Memory CS 


The iAPX 188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
188 begins executing at memory location FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 
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‘the size of the memory block obtained. 3 


eM he 
Faas ee ee 
= 


rae? ic : 
Hoge ong pte 


PRELI 


vee 


aie 


ae 


< : 


~ 

~ 
4 Ai ant ‘a *, 
SRA a 


, S A Sey 
Oe) Ge thee oe Tak ee cee eos 
= 652 
oan 
key 
ore 
Table 7. UMCS Programming Values : ie 
Starting ss ; = 
Address UMCS Value geet 
(Base (Assuming Sas 
Address) RO=R1=R2=0) 2 = 
The lower limit of this memory block is defined in the ae 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal geet is 
values for bits 6-13 and the resulting starting ad- oe oe. 
dress and memory block sizes are given in Table 7. An Ss x 
Any combination of bits 6-13 not shown in Table 7 gray 
will result in undefined operation. After reset, the rs 
UMCS register is programmed for a 1K area. It must 5 
be reprogrammed if a larger upper memory area is ee = 
desired. aoe 
Any internally generated 20-bit address whose upper “ a 
16 bits are greater than or equal to UMCS (with bits * 
0-5 “0”) will cause UCS to be activated. UMCS bits , 3 
R2-RO0 are used to specify READY mode for the area oth 
of memory defined by this chip-select register, as c 
explained below. gute 
br 
Lower Memory CS = 
The iAPX 188 provides a chip select for low memory is 
called LCS. The bottom of memory contains the inter- aoe 
rupt vector table, starting at location OOOOOH. oes 
The lower limit of memory defined by this chip select ; = 
is always OH, while the upper limit is programmable. ey 


By programming the upper limit, the size of thes > = 
memory biock is also defined. Table 8 shows the 
relationship between the upper address selected and 
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MMCS bits R2-RO specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations O0000H 
or 80000H. If it were to be programmed at 00000H 
when the LCS line was programmed, there would be 
an internal conflict between the LCS ready genera- 


tion logic and the MCS ready generation logic. 


Likewise, if the base address were programmed at 
80000H, there would be a conflict with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at OOOOOH. If this base address is selected, 
however, the LCS range must not be programmed. 


Peripheral Chip Selects 


The iAPX 188 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmabie base address. This base address may 


‘be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
iAPX 188. The base address is user-programmable; 


Figure 14. MMCS Register 


however it can only be a multiple of 1K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, Ail pins used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don't cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 15-6 of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 
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Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 


PCSO PBA — —PBA+127 
PCS1 PBA+128 —PBA+255 
PCS2 PBA+256 — PBA+383 
PCS3 PBA+384 —PBA+511 
PCS4 PBA+512 —PBA+639 

PBA+640 —PBA+767 

PBA+768 —PBA+895 


The mode of operation of the peripheral chip selects _ 


is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 


Table 11. MS, EX Programming Values 


a eee 


eripherals mapped into memory space. 


PCS lines. A1, A2 provided. 
PCS lines. A1, A2 are not provided. 


1=P 
0 = Peripherals mapped into |/O space. 
0 =5 
1 -=7 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The iAPX 188 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 188 may 
be programmed to either ignore external READY for 
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each chip-select range individually or to factor exter 


nal READY with the integrated ready generator. 


READY control consists of 3 bits for each CS line or = = 
group of lines generated by the iAPX 188. The inter- 


pretation of the ready bits is shown in Table 12. 
Table 12. READY Bits Programming _ 


0 wait states, external RDY also used. 
1 wait state inserted, external RDY also 
used. 


used. 
3 wait states inserted, external RDY also 
‘used. 

0 wait states, external RDY ignored. 

1 wait state inserted, external RDY 
ignored. : 
2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, ater RD 
ignored. 


The internal ready generator operates in parallel with 


external READY, not in series if the external READY — 


is used (R2 = 0). This means, for example, if the 


internal generator is set to insert two wait states, but © 
activity on the external READY lines will insert four 


wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 


signal. Note that the external ARDY and SRDY lines 


are always ignored during cycles accessing internal 
peripherals. 


R2-RO of each control word specifies the READY 


mode for the corresponding block, with the excep- __ 


tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 

e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block with 
the accompanying READY control bits set at 011 to 


OFFSET: ASH Ts [one [os [we [wa [oe [we [wo Tex [wef [r+ [me [ar Tro 


Figure 16. MPCS Register 
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DEC INC 
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X = DON'T CARE. 


oe Channel Control Word Register 


_ Each DMA Channel Control Word determines the 
_ mode of operation for the particular 80188 DMA 
channel. This register specifies: 


‘ 
br. 
Kyle 
al 


8 the mode of synchronization; 
e whether interrupts will be generated after the last 
transfer; 
PFT. @ whether DMA activity will cease after a pro- 
grammed. number of DMA cycles; 
e the relative priority of the DMA channel with 
i a respect to the other DMA channel; 
_-—— @ whether the source pointer will be incremented, 
% decremented, or maintained constant after each 


| transfer: 
ae _ @ whether the source pointer addresses memory or 
--* lO. space; 
_ @ whether the destination pointer will be incre- 
ss mented, decremented, or maintained constant af- 


ter each transfer; and | 
_-——-@ whether the destination pointer will address 
“memory or I/O space. 


_ The DMA channel control registers may be changed 
while the channel is operating. However, any 

pat Sd: changes made during operation will affect the cur- 
rent DMA transfer. 


rice. - 


DMA Control Word Bit Descriptions 
f+ STISTOP: Start/stop (1/0) Channel. 
CHG/NOCHG: Change/Do not change (1/0) 

. ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
‘trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 


OvDo4 |S 


Figure 18. DMA Control Register 


INT: 

TC: 

SYN: 

(2 bits) 

SOURCE:INC 
M/IO 
DEC 

DEST: INC 
M/IO 
DEC 

p 


Enable Interrupts to CPU on byte 
count termination. 


if set, DMA will terminate when ie. 
contents of the Transfer Count reg- 


ister reach zero. The ST/STOP bit 


will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 
00 No synchronization. 
NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 
01 Source synchronization. 
10 Destination synchronization. 


11 Unused. 


increment source pointer by 1 after 
each transfer. 


Source pointer is in M/IO space 
(1/0). 


Decrement source pointer by 1 after 
each transfer. 


Increment destination pointer by 1 
after each transfer. 


Destination pointer is in M/IO space 
(1/0). 


Decrement destination pointer by 1 
after each transfer. 


Channel priority—relative to other 
channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 


° ate 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). fee? 

e No other chip select or READY control registers 
have any predefined values after RESET. They will 
not become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 


become active. 


DMA CHANNELS 


The 80188 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory or 
\/O to I/O). Each DMA channel maintains both a 20-bit 

- source and destination pointer which can be optionally 
incremented or decremented after each data transfer. 
Each data transfer consumes 2 bus cycies (a minimum 
of 8 clocks), one cycle to fetch data and the other to 
store data. This provides a maximum data transfer rate 
of one MByte/sec, | 


20 BIT ADDER/SUBTRACTOR 


TRANSFER COUNTER CH. 1 


4 , 
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TRANSFER COUNTER GH OL — 
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_ these registers will be reflected immediately in DM 


ADDER CONTROL 


CHANNEL CONTROL WORD 1 
CHANNEL CONTROL WORD 0 


DMA Operation 


Each channel has six registers in the control bloc Firat 
which define each channel's specific operation. The 
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eek | 
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control registers consist of a 20-bit Source pointer(2 oe 
words), a 20-bit Destination pointer (2 words), a16- 
bit Transfer Counter, and a 16-bit Control Word. The | ea 


format of the DMA Control Blocks is shown in Table _ baer 


number of DMA transfers to be performed. Up 10 64K . 
byte transfers can be performed with automatic termi- 
nation. The Control Word defines the channel's opera ff oe ‘ 
tion (see Figure 18). All registers may be modified or 
altered during any DMA activity. Any changes madeto _ 


operation. ~ Rees : 
Table 13. DMA Control Block Format $e a 
Register Address 


Register Name 


Control Word 

Transfer Count | 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits 

Source Pointer i 


LOGIC TIMER REQUEST 


DRQ1 pee 
REQUEST ws, 
pRQO 


SELECTION 
LOGIC 


INTERRUPT 
REQUEST 


‘ 
‘ 
aes 

+o 

> 
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bitels 
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TDRQ 0: Disable DMA requests from timer 
2: 
1: Enable DMA requests from timer 
2. 
Bit 3 Bit 3 is not used. 


lf both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers takes 
up two full 16-bit registers in the peripheral control 
block. The lower four bits of the upper register contain 
the upper four bits of the 20-bit physical address (see 
Figure 18a). These pointers may be individually incre- 
mented or decremented after each transfer. Each poin- 
ter may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the poin- 
ter registers. 


_DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every 
DMA cycle, regardless of the state of the TC bit int he 
DMA Control Register. If the TC bit inthe DMA control 


word is set or unsynchronized transfers are pro-— 
grammed, DMA activity will terminate when the transfer 


count register reaches zero. 


DMA Requests 


‘Data transfers may be either source or destination 


synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 


{ 


Table 14. Maximum DMA Transfer Rates 


Type of 
Synchronization 


| 
| 
Selected | 


CPU Running | 


| 
CPU Halted | 


1MBytes/sec 
1MBytes/sec 


./5MBytes/sec 


Unsynchronized 
Source Synch 
Destination Synch 


1MBytes/sec 
1MBytes/sec 
.65MBytes/sec 


HIGHER 
REGISTER A19-A16 
ADDRESS 


LOWER 
REGISTER A15-A12 A11-A8 A7-A4 A3-A0 
ADDRESS 
15 0 


XXX = DON’T CARE 


Figure 18a. DMA Memory Pointer Register Format 
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Table 8. LMCS Programming Values 


LMCS Value 
Upper (Assuming 
Address RO=R1=R2=0) 


O003FFH 
007FFH 


OOFFFH > 
O1FFFH 
O3FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
“4”) will cause LCS to be active. LMCS register bits 
R2-—R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 


Mid-Range Memory CS 

The iAPX 188 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 188 
1M byte memory address space exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 


12 13 


14 
OFFSET: A0H ti Tupele pe [ou le lets [+ [4 [ae [as [00] 


A19 


by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control : 


block. One and only one of bits 8-14 must be set at a 


time. Unpredictable operation of the MCS lines will a 


otherwise occur. Each of the four chip-select lines is 


active for one of the four equal contiguous divisions _ ae 
of the mid-range block. Thus, if the total block size is _ 
32K, each chip select is active for 8K of memory with © 


MCSO being active for the first range and MCS3 
being active for the last range. 


The EX and MS in MPCS relate to peripheral — 


functionality as descibed a later section. 


Table 9. MPCS Programming Values 


Total Block individual 
Size Select Size 


00000018 
00000108 
0000100B 
0001000B 
00100008 
0100000B 
1000000B 


The base address of the mid-range memory block is | 


defined by bits 15-9 of the MMCS register (see Fig- 


ure 14). This register is at offset A6H in the internal | 


control block. These bits correspond to bits A19-—A13 
of the 20-bit memory address. Bits A12-—A0 of the 
base address are always 0. The base address may be 


set at any integer multiple of the size of the total 


memory block selected. For example, if the mid- 
range block size is 32K (or the size of the block for 


which each MCS line is active is 8K), the block could | 


be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are 0H, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 


tive until both the MMCS and MPCS registers are 


accessed. 


Alt 


Figure 11. UMCS Register 
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Figure 12. LMCS Register - 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
Operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset to 
STOP 
e Any transfer in progress is aborted. 


TIMERS 


The 80188 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


TIMER 1 


MAX COUNT VALUE 
A 
MAX COUNT VALUE 
B 
MODE/CONTROL 
WORD 


MAX COUNT VALUE 
MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


_ ALL 16 BIT REGISTERS 


Figure 19. Timer Block Diagram 
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_Timer Operation 
The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
“register contains the current value of the timer. It can 
be read or written at any time independent of 


whether the timer is running or not. The value of this fo 
register will be incremented for each timer event. — 
Each of the timers is equipped with a MAX COUNT | 


register, which defines the maximum count the timer 


will reach. After reaching the MAX COUNT register 


value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
‘switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
~COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 


to internal synchronization and pipelining of the 


timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 


Figure 20. Timer Mode/Control Register — 
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registers are all 16 bits wide, 16 bits BE ciGlitiod 
provided. Any Read or Write access to the bine w 


. 2 p 
coordinate the internal data flows between theinter igh, 
nal timers and the internal bus. j BN a 
ae File BS a 
' The timers have several programmable options. stor ae 


= * 
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e All three timers can be set to halt or continue ona 2 oe 
terminal count. ; Hea che eee 


registers and be set to retrigger on external eve : 
¢ The timers may be programmed to cause an inter- a oe 
rupt on terminal count. ree ee Ps 


control word. “Rees 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows t 
user to program the specific mode of operation a 
check the current programmed status for any of t ay. 

three integrated timers. A 


' Register Name 


Time. 


Mode/Control Word 56H SEH . 5 NR ne 

Max Count B 54H | 5CH |notpresent | — 

Max Count A 52H 5AH 62H 3 F5f-/ 
50H 58H 60H. ie 


Count Register 


. 
PEM oa 


Pree. renee eT — (sere sat WE a oct ee 
ee a es 
Se et - y. eta mr ts rs 
~ " 25 * ‘ ie hel id til. _ 
s ’ i Sete ‘ 
iAPX 188 eyes PRELIMINARY 
od 


ALT: 


The ALT bit determines which of two MAX COUNT 


registers is used for count comparison. If ALT = 0, 


register A for that timer is always used, while if ALT = 


1, the comparison will alternate between register A 
and register B when each maximum.count is 
reached. This alternation allows the user to change 


~ one MAX COUNT register while the other is being 


used, and thus provides a method of generating non- 


repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 


signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT: 
Setting the CONT bit causes the associated timer to 


_run continuously, while resetting it causes the timer 


to halt upon maximum count. If CONT = 0 and ALT 
=1, the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 


~~ halt. 


EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80188 clock. If this 


- bit is set, the timer will count LOW-to-HIGH trans- 


itions on the input pin. if cleared, it will count an 
internal clock while using the input pin for control. in 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. | 


P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). !f the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 


RTG: ah 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


_ If RTG = 0, the input level gates the internal clock on 


and off. If the input pin is HIGH, the timer will count; if 
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the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chronous with respect to the 80188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. | 


\ 


EN: 

The enable bit provides programmer control over the 
timer’s RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin con- 
Straints in the internal clock mode (discussed — 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero-will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 


INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the © 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a0 on a read. 


INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 


MC: 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this bit 
will be set each time the value in MAX COUNT register 
A is reached, and each time the value in MAX COUNT 
register B is reached. This bit is set regardless of the 
timer’s interrupt-enable bit. The MC bit gives the user 
the ability to monitor timer status through software 
instead of through interrupts. Programmer interven- 
tion is required to clear this bit. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 


ALT = 0, EXT = 0, P = 0, RTG =O, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, “wrap around” to zero, 
then count until the max count is reached. 


’ Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 

e All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 


nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 


The interrupt*controller will resolve priority among 
requests that are pending simultaneously. Nesting is 


provided so interrupt service routines for lower 


priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80188 


within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit — 
14 in the peripheral control block relocation register 


(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80188 interrupt controller func- 


tions as a “slave” controller to an external “master” 
controller. Special initialization software must be in- 


cluded to properly set up the 80188 interrupt control- 
ler in iIRMX 86 mode. 


NON-iRMX MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
“cascade mode”) along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80188 interrupt 
controller wilh not generate internal interrupt 
vectors. 


External sources in the cascade mode use externally 
generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. The 
capability to interface to external 8259A program- 


mable interrupt controllers is thus provided when the 


inputs are configured in cascade mode. 
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Interrupt Controller Modes of Operation 


es _ The basic modes of operation of the interrupt con- 
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troller in non-iRMX mode are similar to the 8259A. 


_ The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is © 


at: : only in the interpretation of function of the four exter- 
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nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as 
follows: 


Robe: ra es * , 
‘Fully Nested Mode 


_ direct interrupt requests. The vectors for these four 


inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 


_ device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 


rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
_vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 


- When a service routine is completed, the proper IS 


bit must be reset by writing the proper pattern to the 


_ EOI register. This is required to allow subsequent 


interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EO! com- 


| mand is issued at the end of the service routine just 


TIMER TIMER TIMER DMA OMA 
0 iA 2 0 1 


CONTROL REG. 
DMA 0 
CONTROL REG. 
DMA 1 
CONTROL REG. 


INTERRUPT 
REQUEST TO 


INTO INT1 INT2 


C2 £2 fo tke 
we. eee 4 eee Os eee 2s eee 


INTERRUPT 
EXT. INPUT 0 eae PRIORITY PRIOR. LEV. 
CONTROL REG. RESOLVER MASK REG. 


PROCESSOR 
Figure 21. Interrupt Controller Block Diagram f 
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before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 

The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while 
INT2/INTAO, serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is true 
for INT1 and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 con- 
trol registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the 80188 interrupt controller, the mas- 
ter 8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one |S bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INT1 control register. It enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be funneled through the same 80188 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80188 controller 
until the 80188 in-service bit is reset. In special fully 
nested mode, the 80188 interrupt céntroller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80188 in- 
terrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80188 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor dis- 
ables interrupts and then polls the interrupt controller 
whenever it is convenient. Polling the interrupt con- 
troller is accomplished by reading the Poll Word (Figure 
31). Bit 15 in the poll word indicates to the processor 
that an interrupt of high enought priority is requesting 
service. Bits 0-4 indicate to the processor the type vec- 
tor of the highest-priority source requesting service. 
Reading the Poll Word causes the In-Service bit of the 
highest-priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80188 provides a Poil Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 
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Non-iRMX Mode Features 


Programmable Priority 


The user can program the interrupt sources into any ~ 
of eight different priority levels. The programming is — 


done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source: (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-Iinterrupt Command 

The end-of-interrupt (EO!) command is used sy the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 


interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 


nested structure has been disturbed or the highest — 
priority IS bit that was set does not belong to the | 
_ service routine in progress. 


Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80188 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80188 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4). 


Interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source’s service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 


Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 


Figure 22. Cascade Mode Interrupt Connection 
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Priority Mask Register : v2 Horkir s 

This register is used to mask ail interrupts below sed 

particular interrupt priority levels. The format of this ies 
register is shown in Figure 25. The codeinthelower  —|/. ae 
three bits of this register inhibits interrupts of = = | 
NaS TRIN priority lower (a higher priority number) than the Ce 

| code specified. For example, 100 written into this | way 

register masks interrupts of level five (101), six (110), se, 
and seven (111). The register is reset to seven (111) gs 

upon RESET so all interrupts are unmasked. eee i 
| | Bek: 

Interrupt Status Register ae 
This register contains general interrupt controller = 
status information. The format of this register is Bats 


shown in Figure 26. The bits in the status register = | Sas 
a See have the following functions: eer ee 


. 


INTERRUPT REQUEST REGISTER DHLT: DMA Halt Transfer; setting this bit halts all — Sista 

: DMA transfers. It is automatically set = a 

* wii os th ge amn whenever a non-maskable interrupt occurs, _ ie 
and it is reset when an IRET instruction is as 

PRIORITY MASK REGISTER : #5! 


executed. The purpose of this bitisto allow _ : 
prompt service of all non-maskable inter; 
: | rupts. This bit may also be set by the CPU. oF 

! IRTx: These three bits represent the individual 
timer interrupt request bits. These bits are seta ee 
used to differentiate the timer interrupts, oa 

since the timer IR bit in the interrupt ree 
quest register is the “OR” function of all = = 

timer interrupt requests. Note that setting 


Figure 23. Interrupt Controller Registers any one of these three bits initiates an inter- | 
(Non-iRMX 86 Mode) rupt request to the interrupt controller. 


ee a 
4. - rR ea. 


Figure 25. Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format , coe 
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Timer, DMA 0, 1; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INT1 Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 


The bits in the various control registers are encoded 
as follows: 


PRO-2: Priority programming information. Highest 
priority = 000, lowest priority = 111. 


LTM: Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = nonmask. 
C: Cascade mode bit, 1 = cascade; 0 = direct 


SFNM: Special fully nested mode bit, 1 = SFNM 


EO! Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80188 CPU. 


The bits in the EOI register are encoded as follows: . 


Se: Encoded information that specifies an in- 
terrupt source vector type as shown in 
‘Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 


Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INTO/INT1 Control Register Formats 


Figure 29. INT2/INT3 Control Register Formats 
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Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31. They can 
only be read. Reading the Poll register constitutes a 


software poll. This will set the IS bit of the highest 7 
priority pending interrupt. Reading the poll status The iRMX 86 0 nk é 
, oT; perating system requires peripherals — oy 
register will not set the IS bit of the highest priority to be assigned fixed priority levels. This is incom-_ Tele 
pending interrupt; only the status of pending inter- patible with the normal operation of the 80188 inter- ee 
rupts will be provided. rupt controller. Therefore, the initialization software 
must program the proper priority levels for each re 
Encoding of the Poll and Poll Status register bits are source. The required priority levels for the internal ¥ 
as follows: interrupt sources in iRMX mode are shown in Table aes 
Sx: Encoded information that indicates the Le 
vector type of the highest priority interrupt- , oe 
5 | | a 
Pe LOUtGe, Sone Sel WhRE et Table 16. Internal Source Priority Level sf 
\ = 
INTREQ: This bit determines if an interrupt request is Priority Level Interrupt Source if 
present. Interrupt Request = 1; no Interrupt Timer 0 ee 
Request = 0. (reserved) > 
DMA 0 oy 
2 - 
iRMX 86 COMPATIBILITY MODE oe : 
Timer 2 sf | 


This mode allows iRMX 86-80188 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal’ 80188 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80188 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80188 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 


1 


inputs. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. | 


iRMX 86 Mode External Interface 


The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80188 CPU interrupt input. 
INT3 functions as an output to send the 80188 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 


5 14 13 5 4 3 2 1 
SPEC/ 
NSPEC 


Figure 30. EO! Register Format 
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Figure 31. Poll Register Format 
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Figure 32. iRMX 86 Interrupt Controller Interconnection 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80188 slave 
address will have to be decoded externally. INT1 is 
used as a Slave-select input. Note that the slave vec- 
tor address is transferred internally, but the READY 
input must be supplied externally. 


INT2 is used as an acknowledge output, suitable to 
drive the INTA input of an 8259A. 


interrupt Nesting 


iRMX 86 mode operation allows nesting of interrupt 


. requests. When an interrupt is acknowledged, the 


priority logic masks off all priority levels except 
those with equal or higher priority. 


Vector Generation in the iRMX 86 Mode 


Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 


' the lower three bits are generated by the priority 


logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 


ion 
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Specific End-of-interrupt 


In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EO! regis- 
ter at offset 22H. 


Interrupt Controller Registers 
in the iIRMX 86 Mode 


All contro! and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 


End-of-interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EO] command 
when written by the 80188 CPU. 


The bits in the EOI! register are encoded as follows: 


Lx: Encoded value indicating the priority of the 
IS bit to be reset. 


In-Service Register 
This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is Pry: 3-bit encoded field indicating a priority level ‘ 
shown in Figure 35. Bit positions 2 and 3 correspond for the source; note that each source must | ea 
to the DMA channels; positions 0, 4, and 5 corre- be programmed at specified levels. eS 
spond to the integral timers. The source's IS bit is set re ; eit eis mt 
te msk: mask i epics 

when the processor acknowledges its interrupt re- sik Nise DIVIOE The PFOrty even ep esa ee ae 
quest. : ; em 


interrupt Request Register dives Ne 
This register indicates which internal peripherals 3AH ; ‘3 
have interrupt requests pending. The format of this CSRS 
register is shown in Figure 35. The interrupt request 38H | $ 
bits are set when a request arrives from an internal wen aa 
source, and are reset when the processor acknowl- an ot 
edges the request. en) aes 

LEVEL 2 CONTROL REGISTER : a 
This register contains a mask bit for each interrupt oe 
source. The format for this register is shown in Fig- (TIMER 0) : < 
ure 35. If the bit in this register corresponding to a Ee 
particular interrupt source is set, any interrupts from at ve 
that source will be masked. These mask bits are Sh af 
exactly the same bits which are used in the individual | se 
control registers, i.e., changing the state of a mask Be oe 
bit in this register will also change the state of the ee 
mask bit in the individual interrupt control register . eee e. 
These registers are the control words for all the inter- meer 
nal interrupt sources. The format of these registers is oe aes 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. as ! 
The bits of the Control Registers are encoded as 
follows: 


Figure 33. Interrupt Controller Registers Nee 
(IRMX 86 Mode) spi 
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Figure 34. Specific EOI Register Format 3 

2 

“ 

2 

15 14 13 8 7 6 5 4 3 2 1 x 
Figure 35. In-Service, Interrupt Request, and Mask Register Format | . ores: 
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interrupt Vector Register 

This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 


jety: 5-bit field indicating the upper five bits of the 


vector address. 


Priority-Level Mask Register 
This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 


My: 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 

interrupt Status Register 


This register is defined exactly as in non-iRMX mode 
(see Figure 26). 


interrupt Controller and Reset 


Upon RESET, the interrupt conten will perform the 
following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode. 

e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
naka? 

e All LTM bits reset to M, resulting in edge-sense 


mode. 

All Interrupt Servied bits reset to 0. 

All Interrupt Request bits reset to 0. 

All MSK (Interrupt Mask) bits set to 1 (mask). 

All C (Cascade) bits reset to 0 (non-cascade). 

All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

e Initialized to non-iIRMX 86 mode. 


Figure 36. Control Word Format 


Figure 37. Interrup 


14 13 


t Vector Register Format 


8 7 6 5 4 3 2 1 


Figure 38. Priority Level Mask Register 
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Figure 40. Typical iIAPX 188 Multi-Master Bus Interface 
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PACKAGE 6g 


A hermetic chip carrier. Figure 41 illustrates the  ‘etails. 
package dimensions. 
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Figure 41. 80188 JEDEC Type A Package 


NOTE: The IDT 3M Textool 68-pin JEDE! 
The 80188 is housed in a68-pin, leadilessJEDEC type _—'S required for ICE™ operation. See 
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PC BOARD PATTERN 


& PIN NO 1 
ry ic ime 4B rs ey “5 : 
 REURECEY 
—/ SOCKET 

ORIENTATION 


PIN CLR HOLE —s ALUMINUM LID 
DEVICE PADS o” FOR! .029 DIA* ~ ¢ F (HEATSINK PROVISIONS OPTIONAL) 
SHOWN FOR ~ 8-4 ——7— + (0.74) * _-8— 
mower se f | 8 : TEST se: ahs POINT 


LOCATION ~S- 
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PN TA a alee: 
015 a aoe slebeladededs 
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0 Lo ee 
o20 Ff (20.32) 
(0.51) 8 SPCS@.100 TOL NON ACCUM TYP 4 PLCS 
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NOTE: Physical dimensions shown are for reference only. Please consult 3M Textool for complete information on the socket. 


Figure 42. Textool 68 Lead Chip Carrier Socket 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under eee a 
“Absolute Maximum Ratings” may cause permanent _ vase 

damage to the device. This isa stressratingonlyand — 3 zs 

Ambient Temperature under Bias ..... 0°C to 70°C functional operation of the device at these or any id 
Storage Temperature ........... —65°C to +150°C other conditions above those indicated in the opera- = 
Voltage on Any Pin with tional sections of this specification is not implied. — ES 
Respect to Ground .............. —1.0V to +7V Exposure to absolute maximum rating conditions _ = 
Power Dissipation © .4-6.cie cae ee ere tees 3 Watt for extended periods may affect device reliability. = a 
ay 


D.C. CHARACTERISTICS (T, = 0°-70°C, Voc = 5V < 10%) 


Test Conditions 
Input Low Voltage ! 


Input High Voltage gk: ee 
(All except X1 and (RES) bine aece 
Ae ae a 

a a if 

x 


Input High Voltage (RES) 


Output Low Voltage Volts — 25 mA for SO-SD Ee: 5 | 
= 2.0 mA for all other outputs Wide: » 


Output High Voltage loa = —400 pA 


-0° PRCT. 


One 

Cio I/O Capacitance a! deegar S Tan 

| Cay 

PIN TIMINGS a 


A.C. CHARACTERISTICS (Ta = 0°-70°C, Vcc = 5V + 10%) = BY 
80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted. Saket 2 


TARYHCH| Asynchronous Ost le Ao) —_ ee 
(AREADY) active setup e 
time” Sake 
TARYLCL | AREADY inactive setup ares 
cael ae mes Ea bs 


/ TCHARYX |AREADY hold time hold time As 


TSRYCL | Synchronous Ready 3 ae 
(SREADY) transition setup See a 
time fae a se 

TINVCH | INTR, NMi, TEST, TIMERIN, AS ae 

. Setup* 25 arate A 


TINVCL 


*To guarantee recognition at next clock. SL ae 
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"ee le eee yey 1 


ERE. Ny eee ee ee ee 
‘ é ae <g eee ato ee aie ST r oe 


Intel AKA PRELIMINARY 
: A.C. CHARACTERISTICS (Continued) 
; 80188 Master interface Timing Responses ; 
s Peeps. | SOM) [eeemy | | ccm 
Fs [Symbol | Parameters | Min. | Max | Min. | Max. | Units | Test Conditions 
, Tew [adress vanaoeey [8 | ™ | 8 | 6 | ne | ©-20200pFalloupute 
i [Tos __[AddressFioat Delay | Toux | 95 | Tom | 44 | ms fo 
Tonoz [Command Lines FloatDelay | =| 45 | =| 88 | ms | 
Toucy Command Lines Valid Delay 
oll ee a a ae ae ee 
1 ES ea a es Se 5a ie 
emerrentmecncmeCeley Me fe 96 Pe a ne ee 
Tou __| ALE Inactive Delay Fnsiead (ae Peed Meare Gh Mies rier tay. ESA once 
eines waa 1 ieee tL 
Poems pomevecbey | to es me 
Ss ea ee 
[Twiox __[DataHoldatterWR | Taco | | Toarso | | ms | 
teks (2 [CottrotActveOely ts |. 6 * | vo. | s | ar | ie 
[Toucrw _[ControtActiveDelay2 | 10S | 65 | 0 | 76 S| os | 
ao 
Too |towwses | | | 
(Non-Write Cycie) 70 87 
Fran] RB Ate Dea Sie ce Se ES 
ee re ET a eS 
—————— 
ree eee ee 
fib mie bo em Ss Re! erage eral 
i ee as ie EE 
as a Bs A eS 
80188 Chip-Select Timing Responses 
| Min [Max [ Min. | Max. | Units | Test Conditions 
TTacsy _[rirSeectaciveeey | | 8 | | #0 | | 
Command Inactive 35 35 
be Ae es of a ame | 
an 
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C. CHARACTERISTICS (Continued) 


A. 


’ 


80188 CLKIN Requirements 


"3.510 1.0 volts 


Exoaae 


“Max [Min | Max._| Units [Test Condition 
250 : ; 
a BES Se Ee 


CLKIN High Time 


ToHck 


[Toon | CLKINRiseTime | | tT Tt ns | 1.01035 vote 


Spree nie ef Bors s-p Ke ata 


[Symbol | Pevemeters | Min 
Tom | CxWFerod «ees | asf 


CLKIN Fall Time 
[Tacx | cuxintowTime | TTT Ts | 


RS A at 7? 2k Rea Fe 


80188 CLKOUT Timing (200 pF load) 


5to1. volts af : af 


167 


[Symbol [ Parameter «| Win”—~| Mex [Min ‘Max | Unit 
[Fass | oxoutrantme |. | eof. | mf 


CLKIN to CLKOUT Skew 
CLKOUT Period | 125 | 500 | 


| CLKOUT Low Time 
| CLKOUT High Time 


ee ee ne a eee ee rt Dee Ny nr eat, eons 
a Fae} Se a, we ee i ‘ a ihe 
fas vs, tear eS poe ae 


intel ae ARK BE gaa ae 


WAVEFORMS 


MAJOR CYCLE TIMING 


Vou 7; T. T3 7 Pr 


. shades CH 
<+—— TCLCL ~<-TCL2CL1 


a [eek a gg Be 
$2-S0 EMER 


x1 | | LA] ml EE es 


A19/Se-Ai6/Sy ee 


TCLDOX 


WRITE CYCLE 


RD, INTA, 
DT/R = Vow 


i | ais 
AD7Ao, ( ponten 
Faas FLOAT 
INTA CYCLE —_ TCHCTV 
oT/A ra 
ie 
othe INTA ¥ 
RD, WR = Von iy 
DEN a : 


SOFTWARE HALT—DEN =Vo), 


RD, WR, INTA, DT/R = Voy eS INVALID ADDRESS my 


ry 


PCS; —TCLAV < 
LCS, <— TCLCSV TCXCSX —> _— 


MCS 
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WAVEFORMS (Continued) 


MAJOR CYCLE TIMING (Continued) 
T; Ts; 


TCLCL 
; TCHICH2 


CLK OUT * 
a zones 


i 
poe eed 


TCLAX 


a Gi 


( DATAIN 


READ CYCLE 


DT/R 
WR, INTA = Von 


> 


‘NOTES: 
. 1. Following a Write cycle, the Local Bus is floated by the 80188 only when the 
80188 enters a “Hold Acknowledge’ state. — 
2. INTA occurs one clock later in RMX-mode. 
3. Status inactive just prior to T, 


ltl eg all emg 


4 
i 
\ 
j snd 
- | an 
i 1 ‘ - - 
' ; f ‘ 
£ ! . ’ 
4 - 7 % “ f. ? ; 
- ore _” —_ . Wg —- s ay a tr 
”, ay , th © 
Me 4 “abye eae | Ape . er ie : tiga: 
_ ~ 5 ‘ * aay ~ © A bad es ‘4 << ee le Fe 
et - 4 : AR Es on age OS es ee > <— 
Repesien 4 ha et a4 3 eau se eee: Wats te leg: 
st 7 , " Pb ng te ay s ik kK ee aT ¥: ~" + lia ne 
Pe a a - ves Lager << = Te Ee ate, sigh» AG be i 
. rs pees pS 5 Pat OM REN ST Ss etl age Sati ive 
“ ro as. > ba 4 = < ’ f ty = s os Fe . —_ oO = es » oo! 


~ TINVCL —> 


So 
z= 
= 
, 
< 5 é 8 i > i | 
4 $ 93 g6se% 
x nt </2 . 
a 5 , 4 , 
9 8 z 
fe) a Z 
=x - 7 ; 


WAVEFORMS (Continued) 


— TINVCH 


“0188 INSTRUCTION TIMINGS 

: The following instruction timings represent the mini- 
"6 mum execution time in clock cycles for each instruc- 
- tion. The timings given are based on the following 
_ assumptions: 


‘ 


required for execution of a particular instruction, 
~ has been prefetched and resides in the queue at 
the time it is needed. 

ae ; "No wait states or bus HOLDS occur. 


poe Ye. ; -TCHICH2 — 


TCcICO S TCLCH 


2-6 CLOCKS 


eo = =a The opcode, along with any data or displacement _ 


—=— TCH2CH1 


TCHCL 


TCLCL 


e All word-data is located on even-address 
boundaries. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 


se , , wh, 
hme a“y 3 » s “ 
Sarat Ws My sc hte oad 
= # * S24 ey ae te " aM = 
- “ih “ fase. - = ss x. 
ody : fs AIR SMe nas en et = wk, geared te aeegs 
3-486 * , : i pg obs APNEA ~ 
» ? , wr b> ~ it et “oh Ceupet re oe pee 
foe ee eS ig as - Dads ae eae ee nee AL po or ets Sepia : i es | 
. tao Ses OPAL pe Fa eS f. pine Bi = ns he > eee — 
Figs 3 ee : Be Caen Ae Tee Sve Bee ee ae 
i a! 


tee Sem 
aia 


. ht 

| ia Se toes. ay 
a ; 

=f 


INSTRUCTION SET SUMMARY 


FUNCTION FORMAT 


i 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w . 


Register/memory to register 1000101w Aes 


ae 
x 


immediate to register/memory mod000 rm | data ~=—s|_~—sdataifw=1 | 8/16-bit 


immediate to register 1011w reo | data’. |  dataitw=1 -8/16-bit 
Memory to accumulator 1010000w addr-high or erent ie “a 


Accumulator tomemory 
Register/memory to segment register 
Segment register to register/memory 
PUSH = Push: 
Memory 
Reger Diet we] 
Segment register 


POP = Pop: 


Memory 100011414 mod000 r/m 
Register “10 1011 reg 
Segment register 000 reg 111 (reg +01) 


XCHG = Exchange: 


Register/memory with register 1000011Ww 
Register with accumulator 10010 reg 

IN = Input from: 

Fixed port 1110010w port 
varablepot 

OUT = Ouiput to: 

Fixed port 110011w port 
Variable port CtOVLisaw 


XLAT = Translate byte to AL 5 A Sey a | se j 
LEA = Load EA to register 
LDS = Load pointer to DS — (mod + 11) 
LES = Load pointer to ES (mod + 11) 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 
SEGMENT = Segment Override 
SS 00110110 


DS foor1i1110] 


= shaded areasindicale instructions oot avanaENA HEBER BE: BA RICCOS VSIA ee 
_ ‘Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory tr 
Be eS oe pe PP PON haere ate eae etn 


a 


LSE, Ne Gee art Gene Perea ee epee 
pin ee ok Ng Loge ea Le Pea ms . Re ed - : otyt abe tere ; 58 


s 
2%, 


<_ 


3M. -< " 4 
; Sa : ete <7. ad ee 


itl inp PRIS LORIN 


, eo 
Base INSTRUCTION SET SUMMARY (Continued) 
EEE FUNCTION FORMAT 
One 
ARITHMETIC. 
ADD = Add: 
CaS) eh Reg/memory with register to either 000000dw 
; immediate to register: memory 00000sw{ mod000 rm 
| Immediate to accumulator 000010w data if w = 1 8/16-bit 
i — ADC = Add with carry: 
oe - Reg/memory with register to either 000100dw modreg rm 


Immediate to register: memory 00000s wi] mod010 rm data ifs w= 01 
Immediate to accumulator 001010w 8/16-bit 


INC = Increment: 
Register/memory 111114%4Wwy] mod000 rm 


Register . 1000 reg 
SUB = Subtract: 
Reg/memory and register to either 01010dw modreg rm 


immediate from register/memory 100000sw] modi01 rm 
Immediate from accumulator 010110w 8/16-bit 


SBB = Subtract with borrow: 
Reg/memory and register to either 00110dw modreg rm 


Immediate from register/memory 100000s w] mod011 rm 


dataifsw=01 


Immediate from accumulator 001110Ww data if w= 1 8/16-bit 


E 


DEC = Decrement: 
Register/memory 111111Wwi] mod001 .rm 


1001 eg 


| 


Oo 


Register 


CMP = Compare: 


Register/memory with register 011101w modreg rm 


Register with register/memory 011100w modreg f/m 


Immediate with register/memory 00000s w] mod111 rm 


data if w=1 8/16-bit 


immediate with accumulator 011110w 
NEG = Change sign 111011w 
AAA = ASCIl adjust for add 0710711 
DAA = Decimal adjust for add Oe 
AAS = ASCII adjust for subtract Oot 431 1 a 
DAS = Decimal adjust for subtract Ciot144 


mod0Q11 r/m 


MUL = Multiply (unsigned): Pate Ot, tw modi100 r/m 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IMUL = Integer multiply (signed): 1111011wi{ mod101 rm 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


= DIV = Divide (unsigned): 
Register-Byte 
Register-Word 
reese Memory-Byte 
Memory-Word 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 3 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION FORMAT 
ARITHMETIC (Continued): 
IDIV = Integer divide (signed): 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 
AAD = ASCII adjust for divide 
CBW = Convert byte to word 


CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 
Register/Memory by 1 


1101000Ww mod TTT r/m 
mod TT rim 


Register/Memory by CL 


Instruction 


AND = And: 


Reg/memory and register to either 001000dw 
1000000w 


010010w 


modreg f/m 


mod100 r/m 


immediate to register/memory 


Oo 


Immediate to accumulator 


TEST =And function to flags, no result: 


Register/memory and register 1 


1 


000010w 
iY EK es eG 
010100w 


modreg f/m 


Immediate data and register/memory mod000 f/m 


—_— 


Immediate data and accumulator 


OR = Or: 


Reg/memory and register to either 000010dw 
000000w 


000110Ww 


modreg r/m 


_ 


immediate to register/memory mod001 = r/m 


Oo 


Immediate to accumulator 


XOR = Exclusive or: 


Reg/memory and register to either 001100dw 
000000Ww 
011010w 


111011W 


modreg r/m 


— 


Immediate to register/memory mod110 = r/m 
Immediate to accumulator 


NOT = Invert register/memory 


STRING MANIPULATION: 
MOVS = Move byte/word 


CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 


1010010w 
1010011w 
1010111w 
1010110w 
1010101w 


Shaded areas indicate instructions not available in iAPX 


*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 


£2 ee Tot aw modi11 rm 


Comments | 


“3 
7 


1 10 


et 
et 


“7 ee 


ase 


OLRR 
REN Wa 


< 
it 
ti 


sa 


; eet 
2S wy ny 


4 


Ze hm 


2 


a1" | 
5+n/17+n*. 


Fe 

ee 

data if w = 1 rie ae 

dataitw~1 8/16-bit eves 
a 

‘ a 

data if w = 1 Pie ee 

8/16-bit Cog 

ae : 

tx . 

data if w = 1. Fas 

data if w= 1 8/16-bit ae 
data ifw=1 < 


data ifw= 1 


8/16-bit 


86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


: FUNCTION | eats: FORMAT Comments 


| STRING A IPULATION (Continued): 
| Repeated bycountinCX 
3 | 


| MOVS Movesting 1010010w 8+8n* 
cMPS: Compare string : 5+22n* 
SCAS Scansting , 5 +15n" 
-LODS Loadstring ” 6+11n* 


6+9n" 


Ti1100T0]i010101m 


. fy » 
+ we 4 * 


ONTROL TRANSFER 


<CALL=Calle | 7 
Direct within segment 11101000] — disp-low. | —— disp-high 
gister memory mod010 rm 

| ovectintersegment =» Ss [TOOT TOTO 


} Ve aT mod01146m (mod = 11) 


Ti o1 011] depiow | 
it01001] depow | duphoh | 


! 


"eel 


| Direct intersegment— ; L246 1.01 0 segment offset 
PS i ae | 


$9 et sat ti mod+0A-+-m (mod = 11) 


| RET = Return trom CALL: 
| Within segment 

| Within seg adding immed to SP 
| Intersegment 

| Intersegment adding immediate to SP 


"hat od 
4 


eee 
opie: _ Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 
ee *Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for ail memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 


CONTROL TRANSFER (Continued): 
JE/JZ = Jump on equal zero 

JL/INGE = Jump on less not greater or equal 
JLE/JNG = Jump on less or equal not greater 
JB/JNAE = Jump on below. not above or equal 
JBE/JNA = Jump on below or equal not above 
JP/JPE = Jump on parity parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal not zero 
JNL/JGE = Jump on not less. greater or equal 
JNLE/JG = Jump on not less or equal greater 
JNB/JAE = Jump on not below above or equal 
JNBE/JA = Jump on not below or equal above 
JNP/JPO = Jump on not par par odd 

JNO = Jump on not overflow 

JNS = Jump on not sign 

JCXZ = Jump on CX zero 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero equal 


LOOPNZ/LOOPNE = Loop while not zero equal 


INT = Interrupt: 
Type specified 


Type 3 
INTO = Interrupt on overflow 


IRET = Interrupt return 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 


FORMAT 


1110100 
T1418 
ee ee 
1110010 
111.01 1/0 
ti tT 94.8 
1110000 
1111000 
11104001 
LS RTS Ee 4 
SAGES 
-178.94.1 
SOR Ae 
Ria eh oe 
11.1800 1 
111 VE 4 
T1004 1,4 
1440001 0 
LISTE 
11100000 


8 ee ee | 
CEERE RE es 
jOrittoor][ disp 


tiob +8 
1007190 


1jAVOTT +o 


oD 


is*) 


LIQO1 eT a 
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PRELIMINARY 


Clock 
Cycles 


Comments — 


JMP not 
taken/JMP 
taken 


LOOP not 
taken/LOOP 
taken 


if INT. taken/ 
if INT. not 
taken 
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MARY (Continued) 7 


+ na “sy , cat [11111000 ps 
fei War et Late 18-7 en : 
oh Me aride (ask AN ee 7 SI 


er va i - 
eer 5 ra a 15 00 Rcmokh. seg Bes pe 


j = 


TOOTTTTT] mod tllim 


(TTT LLL are opcode to processor extension) 


soa © 


MANONNNNNNN ND 


: reas indicate instructions not available iniAPX 86, 88 microsystems. 


=) 


: 

‘ 
i. 
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FOOTNOTES — 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


16-Bit (w = 1) 
if mod = 11 then r/mis treated as a REG field es aa 
if mod = 00 then DISP = 0°, disp-low and disp-high 010° DX 
are absent . , 011 BX 
ifmod = 01 then DISP = disp-low sien cies to 100 SP 
16-bits, disp- high | is absent 101 BP 
if mod = 10 then DISP = disp-high: disp-low 410 SI 
111 DI 


ifr/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP — 
ifr/m = 010 then EA = (BP) + (SI) + DISP 
ifr/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if rim = 101 thenEA = (DI) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) ‘ 


i 


Naiaaba if mod = 00 andr/m = 110 then EA = disp-high: disp-low. 


EA calculation time is 4 clock cycles for all modes, and 
is included in the execution times given whenever 
appropriate. 


SEGMENT OVERRIDE PREFIX 


001reg 110 


~ regis assigned according to the following: 


Segment | - 
reg Register | 
x 00 ES 
ar 01 CS 
| 10 3s 
5.2.08 


el, 


A g aw 


_— Pi 
au! * thn . 
‘ 


000 AL 
001 CL 
010 DL 
011 BL 
100 AH 
101 CH 
110 DH 
111 BH 


the BP register are computed using ‘the ss. seq 
register. The physical addresses of the destinatior 
erands of the string primitive operations ‘(those ad- 
dressed by the DI register) are computed using | the Bt 
segment, which may notbe overridden. eae 


Ee ee 


ed 
hi 


REG is assigned aaooclogs to the following t table: $ < ‘ al 
8-Bit (w = 0) aR 


a Ee 


Ft") 


toes ch 


ae | . 8089 
- 8 & 16-BIT HMOS I/O PROCESSOR 


© | ® High Speed DMA Capabilities Including = Memory Based Communication with 
W/O to Memory, Memory to |/O, Memory CPU 
Ses to Memory, and 1/0 to I/O = Supports LOCAL or REMOTE 1/O 
= IAPX 68,88 Compatible: Removes 1/O rE orenelne 
Overhead from CPU in iAPX 86/11 or # Flexible, Intelligent DMA Functions 
: Including Translation, Search, Word 
88/11 Configuration ‘ 
Assembly/Disassembly 
: = Allows Mixed Interface of 8- & 16-Bit = MULTIBUS™ Compatible System 
ys ie Peripherals, to 8- & 16-Bit Processor Interface 
| puaees | = Available in EXPRESS 
= 1 Mbyte Addreéssability - Standard Temperature Range 


The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
pacts 8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel's 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/16-bit Intel microprocessor, interfacing 

easily to the Intel multiprocessor system bus standard MULTIBUS™. ; 


The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove |/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parailel with a CPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the 
\OP and CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 


systems. 
CPU 
i/O CHANNEL 4 | ey ea 
ss LJ 1 401] Voc 
: CONTROL 
. DMA REQ, CHANNEL | | Ai4/014 AIS/ID15 
; DMA CONTROL A13/D13 [} 3 A16/S3 
aes TERMINATE; | | Garteic ai2012 (] 4 A17IS4 
AND —— » STATUS A11/011 “] A18/S5 
| aoa are | | ARBITRATION atoin10 [1 6 ‘ A19/S6 
| | A9/D9 3417) BRE 
ADDRESS, asioe [_] 8 “] ExT 1 
1/O BUS ieee rE 
DATA avio7 (J 9 EXT 2 
| As/D6 (_] 10 317] DRQ1 
A5IDS 30[-] DRa2 
A4ID4 2917) LOCK 
A303 (] 13 281) s2 
OMA REQ? A2/D2 [_] 14 271 J) s1 
DMA A1/D1(_} 15 26; | so 
; TERMINATE? ae Ao/DO 251] RQIGT 
/ 
\ DISASSEMBLY SINTR-1(-] 17 SEL 
SINTR-2 [_] 18 231] CA 
CLK (] 19 22{_} READY 
INSTRUCTION Ves (| 20 nese? 
FETCH UNIT 
Figure 2. 
Figure 1. 8089 I/O Processor Block Diagram 8089 Pin Configuration 
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Table 1. Pin Description 


Name and Function 


Symbo! | Type 


AO-A15/ /O | Multiplexed Address and Data Bus: The 
DO-D15 function of these lines are defined by the 
state of 50, 51 and S2 lines. The pins are 
floated after reset and when the bus is not 
acquired. A8—A15 are stabie on transfers to a 


physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 16-bit physical bus. 


Address and Status: Multiplexed most 
significant address lines and status in- 
formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 
$6 $5 $4 S3 

1 1 0 0 DMAcycle on CH1 

1 1 0 1 DMAcycle on CH2 

1 1 1 0 Non-DMA cycle on CH1 
1 1 1 1 Non-DMA cycle on CH2 


Bus High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (D8-D15). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not nave to be 
latched. 


Status: These are the status pins that define 
the IOP activity during any given cycle. They 
are encoded as shown below: 


§2 Si SO 


A16-A19/ 
S3-S6 


instruction fetch; I/O space 

Data fetch; !/O space 

Data store; I/O space 

Not used 

Instruction fetch; System Memory 
Data fetch; System Memory 

Data store; System Memroy 

1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and |/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or Tw indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 


—_~ tit 4H OO OC OC 
=—=—=0O0-- = O OO 
o-0o+-"0+- Oo 


Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 


READY | 


3-495 


Symbol | Type Name and Function 


Lock: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSL 
instruction. The pin floats after reset and 
when the bus is not acquired. This rai tin is 
active low. 


Reset: The receipt of a reset signal causes 
the IOP to suspend all its activities and enter 


least four clock cycles. 


Clock: Clock provides all timing needed fords 
internal |\OP operation. Sse 


Channel Attention: Getstheattentionofthe; = : 
IOP. Upon the falling edge of this signal, the; __ 

SEL input pin is examined to determine| ; 
Master/Slave or CH1/CH2 information. This | Be 
input is active high. ~ : eee 


Select: The first CA received after system 
reset informs the IOP via the SEL line, whe- 


itialization sequence. During any other CA 
the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 


Data Request: DMA request inputs which 
signal the IOP that a peripheral is ready to 


DRQ1-2 


: 


SINTR1-2| O 


respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 


the communication dialogue required to ar- 


IOP and CPU, LOCAL mode) or !/O bus when 
two IOPs share the same bus (REMOTE 
mode). The RQ/GT signal is active low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 


from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events. 


EXT1-2 External Terminate: External terminate 
inputs for channeis 1 and 2 respectively. The 
-EXTsignals will cause the termination of the 
current DMA transfer operation if the chan- 
nel is so programmed by the channel control 
register. The signal must be held active high 


until termination is complete. 


Lee ae Voltage: +5 volt power input. 


Ground. 
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an idle state until a channel attention is| 
received. The signal must be active for at} | 


ther it is a Master or Slave (0/1 for Mas-| 
ter/Slave respectively) and starts the in-| 


transfer/receive data using channels 1 or 2| 


Request Grant: Request Grant implements | 


bitrate the use of the system bus (between | 


Signal Interrupt: Signa! interrupt outputs} — 


- 
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_ FUNCTIONAL DESCRIPTION 


The 8089 IOP has been designed to remove I/O proces- 
sing, control and high speed transfers from the central 
processing unit. Its major capabilities include that of in- 


itializing and maintaining peripheral components and 


supporting versatile DMA. This DMA function boasts 
flexible termination conditions (such as external termi- 
nate, mask compare, single transfer and byte count ex- 
pired). The DMA function of the 8089 IOP uses a two cy- 
cle approach where the information actually flows 
through the 8089 IOP. This approach to DMA vastly sim- 
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera- 
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
where the 8089 automatically vectors through a lookup 
table and mask compare, both on the “fly”. 


The 8089 is functionally compatible with Intel's iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 


_the REMOTE mode it can be used to complement other 


Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 


The only direct communication between the !OP and 
CPU is handled by the Channel Attention and Interrupt 
lines. Status information, parameters and task pro- 
grams are passed via blocks of shared memory, simpli- 
fying hardware interface and encouraging structured 
programming. 


The 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 


RESET 
; AGIGT 
Voc a 
8284 
CLOCK = 
GENERATOR 
GND 
RQIGT 
RESET 


! 
15 BIT VO ADDR 4 
DECODE 


ADDRIDATA 


ADDRIDATA 


NOTE: ONLY ONE LATCH IS NEEDED IF CONFIGURED WITH 8088 AND ONLY 64K 
ADDRESSING IS USED. ONLY ONE TRANSCEIVER IS NEEDED iF USING A 
PHYSICAL 8-BIT DATA BUS (8088). 


control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general |/O are just a few of 
the typical applications for the 8089. 


Remote and Local Modes 


Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX 86 (or iAPX 88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the RQ/GT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 8085A, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
physical line. When the iAPX 86 relinquishes the system 
bus, the 8089 uses the same bus control, latches and 
transceiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuration at the expense of 
reduced CPU thruput due to IOP bus utilization. 


A typical REMOTE configuration is shown in Figure 4. In 
this mode, the IOP’s bus is physically separated from 
the system bus by means of system buffers/latches. The 
IOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con- 
tains the following components: 


e Up to three 8282 buffer/latches to latch the address to 
the system bus. 


e Up to two 8286 devices bidirectionally buffer the 
system data bus. 


ee 
i LL 


DATA 


Tell ll 


x \—d ir) 
3 8 iS is 
2142 RAM (4) 


(2) (2) 
1K x6 1K x8 2Kx8 2K x8 


Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 In LOCAL Mode, 8088, 8086 in MAX Mode 
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e An 8288 bus controller supplies the control signals 
necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 


® An 8289 bus arbiter performs all the functions 
necessary to arbitrate the use of the system bus. This 
is used in place of the RQ/GT logic in the LOCAL 
mode. This arbiter decodes type of cycle information 
from the 8089 status lines to determine if the |OP 
desires to perform a transfer over the ‘‘common” or 
system bus. 


The peripheral devices PER1 and PER2 are supported on 
their own data and address bus. the 8089 communicates 
with the peripherals without affecting system bus opera- 
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. i/O programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 


COMMUNICATION MECHANISM 


Fundamentally, communication between the CPU and 
IOP is performed through messages prepared in shared 
memory. The CPU can cause the 8089 to execute a pro- 
gram by placing it in the 8089’s memory space and/or 
directing the 8089’s attention to it by asserting a hard- 
ware Channel Attention (CA) signal to the IOP, ac- 
tivating the proper I/O channel. The SEL Pin indicates to 


TO LOCAL 
vO BUS 


LOCAL 
MEMORY 
ROM/RAM 


(OPTIONAL —IF 


NEEDED TO REDUCE 
LOADING ON 6089) 


epee crs BO 
{OE priAt———_—____—+— 


8286 


TO ANOTHER 
ioPp 


the lOP which channel is being addressed. Communica- 
tion from the IOP to the processor can be performed ina 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition- 


ally, the 8089 can store messages in memory regarding - 


its status and the status of any peripherals. This com- 
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi- 
bility of memory use with the added PAnaanl of handi- 
ing multiple lOP’s. 


lllustrated in Figure 5 is an overview of the communica- 
tion data structure hierarchy that exists for the 8089 I/O 
processor. Upon the first CA from RESET, if the !OP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 8- 


bit) and pointers to the system configuration block are 


obtained. This is the only fixed location the 8089 accesses. 
The remaining addresses are obtained via the data struc- 


ture hierarchy. The 8089 determines addresses in the | 


same manner as does the iAPX 86; i.e., a 16-bit relocation 
pointer is offset left 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad- 


dresses are formed, they are stored as such, as all the 8089 


address registers are 20 bits long. After the system con- 
figuration pointer address is formed, the 8089 IOP ac- 
cesses the system configuration block. 


(oy ap 


$2 


MULTIBUS 
Si.) ngs ARBITRATION 
SIGNALS 


| 


Figure 4. Typical REMOTE Configuration 
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kr 
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fo 


07 
SYS BUS 
SCB ADDRESS 


SCB RELOCATION | 


LOCATION 
FFFF6 


ADDRESS a 
INCREASE 


SYSTEM 


CONFIGURATION CB ADDRESS 
BLOCK 
CB RELOCATION 


CONTROL BUSY 
BLOCK 
PB ADDRESS 
PB RELOCATION 
PB ADDRESS 


PB RELOCATION 


CHANNEL 
1 


CHANNEL 
2 


BLOCK 


TB ADORESS ‘ 
TB RELOCATION TASK BLOCK 


USER DEFINED {OP TASK 


| PROGRAM ] 


Figure 5. Communication Data Structure Hierarchy 


nook | 


The System Configuration Block (SCB), used only dur- 
ing startup, points to the Control Block (CB) and provides 
{OP system configuration data via the SOC byte. The 
SOC byte initializes |OP I/O bus width to 8/16, and 
defines one of two IOP RQ/GT operating modes. For 
RQ/GT mode 0, the IOP is typically initialized as SLAVE 
and has its ROQ/GT line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the IOP as need- 
ed, and has the bus restored to it upon IOP task comple- 
tion (IOP request—CPU grant—IOP done). For RQ/GT 
mode 1, useful only in remote mode between two IOPs, 
MASTER/SLAVE designation is used only to initialize 
bus control: from then on, each IOP requests and grants 
as the bus is needed (IOP1 request—IOP2 grant—lOP2 
request—lOP1 grant). Thus, each IOP retains bus con- 
trol until the other requests it. The completion of in- 
itialization is signalled by the IOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pointers in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex- 
ibility of being able to initialize multiple lOPs. 


The Contro/ Block furnishes bus control Initialization for 
the 1OP operation (CCW or Channel! Control Word) and 
provides pointers to the Parameter Block or “data” 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon ali CA’s other than the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 


The Parameter Block contains the address of the Task 
Block and acts as a messge center between the IOP and 


_ CPU. Parameters or variable information is passed from 


the CPU to its IOP in this block to customize the soft- 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
1OP and CPU. 


The Task Block contains the instructions for the respec- 
tive channel. This block can reside on the local bus of 
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the IOP, allowing the |OP to operate concurrently with 
the CPU, or reside in system memory. 


The advantage of this type of communication between 
the processor, IOP and peripheral, is that it allows fora 
very clean method for the operating system to handle 
/O routines. Canned programs or ‘Task Biocks” allow 
for execution of general purpose I/O routines with the 
status and peripheral command information being 
passed via the Parameter Block (‘‘data”” memory). Task 
Blocks (or ‘‘program’’ memory) can be terminated or 
restarted by the CPU, if need be. Clearly, the flexibility 
of this communication lends itself to modularity and ap- 


. plicability to a large number of peripheral devices and 


upward compatibility to future end user systems and 
microprocessor families. 


Register Set 


The 8089 maintains separate registers for its two |/O channels 
as well as some common registers (see Figure 6). There are 
sufficient registers for each channel to sustain its own DMA 
transfers, and process its own instruction stream. The basic 
DMA pointer registers (GA, GB—20 bits each), can point to either 
the system bus or local bus, DMA source or destination, and 
can be autoincremented. A third register set (GC) can be used 
to allow translation during the DMA process through a lookup 
table it points to. The channel control register, which may be 
accessed only by a MOV, or MOVI instruction, determines the 
mode of the channel operation. Additionally, registers are pro- 
vided for a masked compare during the data transfer and can 
be set up to act as one of the termination conditions. Other 
registers are also provided. Many of these registers can be used 
as general purpose registers during program execution, when 
the IOP is not performing DMA cycles. 


USER PROGRAMMABLE 


G.P. ADDRESS A (GA) 


G.P. ADDRESS B (GB) 


G.P. ADDRESS C (GC) 
TASK POINTER (TP) 


—.1-BIT POINTER TO EITHER 1/0 OR SYSTEM MEMORY SPACE 
15 


BYTE COUNT (BC) 
CHANNEL CONTROL (CC) 


NON USER PROGRAMMABLE 
(ALWAYS POINTS TO SYSTEM MEMORY) 


CREA E ZEAE POPS PERSE Got Sars. 
PARAMETER POINTER (PP) 


CHANNEL CONTROL POINTER (CP) 


Figure 6. Register Model 


Bus Operation 


The 8089 utilizes the same bus structure as the 
iAPX 86, 88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi- 
plexed with four status lines S3-S6. For 8089 cycles, S4 
and S3 determine what type of cycle (BMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 
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intel 


are a unique code assigned to the 8089 IOP, enabling 
the user to detect which processor is performing a bus 
cycle in a multiprocessing environment. 


The first three status lines, SO-S2, are used with an 8288 
bus controller to determine if an instruction fetch or 
data transfer is being performed in W/O or system 
memory space. 


DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad- 
ditional clock cycles are added if wait states are re- 
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in memory is performed by first doing two 
reads, with word assembly within the |OP assembly 
register file and then one write. 


As can be expected, the data bandwidth of the lOP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus 
utilization of the 8089. The system bus is assumed to be 


column) or 16-bit peripheral (word column) being shown. 


ee es ies ot he 7 on Kael ha . aks vane ga! Fi ee ) my oe oe kr iy wine oe ; j 
ad 
ie 
2 ty i 
% 
ot 
16-bits wide with either an 8-bit peripheral (under byte is 


The latency refers to the worst case response time by 
the IOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re- 
quired to map 8-bit data into a 16-bit location, versus two 
for a 16-bit to 16-bit transfer. Note that it is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max- 
imum of 50%. 


’ Table 2. Achievable 5 MHz 8089 Operations with 
a 16-Bit System Bus 


Bandwidth | 830 KB/S sea 830 KB/S 


250 KB/S 


2.4 usec 1.6 usec 0.8 usec 0.8 usec 
System Bus| pep PER PER PER 
Utilization | TRANSFER | TRANSFER | TRANSFER | TRANSFER 


“2.4 usec if interleaving with other channel.and no wait states. 1ysec if 
channel is waiting for request. 


j + wait) = o | + Nwair) = i 
Twair Twair | Te 


ADOAISTATUS 


SEE NOTE 1 


| 
ADDAIDATA BUS RESERVED 


( 
PHYSICAL BUS) FOR DATA IN 


READY | 


NOTE 1: BRE IS STABLE (i.e, NON MULTIPLEXED) THROUGHOUT EACH TRANSFER 
CYCLE. Ag-A;, ARE ALSO STABLE ON TRANSFERS TO A PHYSICAL 8-BIT 
Bus. 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO T, 


READY 


Figure 7. 8089 Bus Operation 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............. - 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground................. -1.0to+7V 
Power Dissipation’. :......... 6.0... eee .... 2.5 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS (Tg = 0°C to 70°C, Voc = 5V +10%) 


tee [Power Supt Curent 
Input Leakage Current” 


Capacitance of Input Buffer 
(All input except 
ADy— ADj5, ROQ/GT) 


Vin 
Output Low Voltage 
loc 


Cin 


Test Conditions 
lot = 2.0 mA 
lon = —400yA: 


A.C. CHARACTERISTICS (Tg = 0°C to 70°C, Voc = 5V +10%) 
8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


Parameter 


Data In Hold. Time 
TRIVCL RDY Setup Time into 8284 (See Notes 1, 2) 
TCLR1X ROY Hold Time into 8284 (See Notes 1, 2) 
READY Setup Time into 8089 
READY Hold Time into 8089 
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Test Conditions ni 


(24TCLCL) — 15 


(V3 TCLCL) + 2 
From 1.0V to 3.5V 
From 3.5V to 1.0V 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES ~~ he : 

. Parameter 
Command Active Delay (See Note 1) 
Command Inactive Delay (See Note 1) 


TRYHSH 


Cres | 
[rccax 


READY Active to Status Passive (See Note 3) 
Status Active Delay 


Status Inactive Delay 

Address Valid Delay 

Address Hold Time 

Address Float Delay 

Status Valid to ALE High (See Note 1) ° 

CLK Low to ALE Valid (See Note 1) | 
ALE Inactive Delay (See Note 1) 

Data Valid Delay 

Data Hold Time 


Control Active Delay (See Note 1) 


TCVNX Controi Inactive Delay (See Note 1) 
TCHDTL | Direction Control Active Delay (See Note 1) 
TCHDTH Direction Control Inactive Delay (See Note 1) 


Tenet, | RQ Active Delay 
TCLGH RQ inactive Delay 


TCLSRV SINTR Valid Delay 
~TOLOH Output Rise Time - 
TOHOL Output Fall Time | 


NOTES: 1. Signai i 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronowu > signal only to guarantee recognition at next CLK. 
3. Apliesjonly to T3 and TW states. | 


| 


INPUT/OUTPUT 


1.5 <¢——- TEST POINTS ———» 1.5 
6.45 


AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 ANDO.45V FOR 
x ALOGIC 0 THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5Y FOR BOTH ALOGIC 1 AND 0.” 


j 
* 
« 


TCLAX 


3 
Bed 


on 
n= 
o 


W | w 
oo 


110 


8 


5 
on 


—s 
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5. Applies only if RQ/GT Mode 1 C.=30pf, 2.7 KN pull up. 0 Veo. 


4. Applies only to T2 state. F a Vere 
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Cy = 100 pF 
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WAVEFORMS _ 


8089 BUS TIMING USING 8288 . 
7; T2 Ty Ta 
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heer cn tr TCLAV— 
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CLK 
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eS 8288 OUTPUTS | Foam on iOAE 
Rea SEE NOTES 4,5 
Ee (ae DEN goes 
ws : : TCVNX —= 
— WRITE — (RD,MRDC,IORC,DTIA = Vox) TCLAV-> 
Sg Ay : FLOAT 


SEE NOTE7 | (SEE 
AD15-ADo DATA OUT NOTE 3) 


_Tevwx--| —- 


ee es TCVNV > 
ae Rae DEN 
eS aoa aes what 
Ses 8288 OUTPUTS 
SEE NOTES 4,5 | AMWC OR AIOWC 


ee 


MWTC OR IOWC 


Saeco _ READY (8089 INPUT) : 


. 


~ READ — (MWTC,AMWC,IOWC,AIOWC = Von) TCLAV— 


AND ABOVE | 
(BHE) 


NOTES: 


ALL SIGNALS SWITCH BETWEEN Vo, AND Vo, UNLESS OTHERWISE SPECIFIED 
- 2 RADY IS SAMPLEO NEAR THE END OF TT). Tw TO OETERMINE IF Ty MACHINE STATES ARE TO BE INSERTED 
- y ‘ 3 FOLLOWING & WRITE CYCLE DATA REMAINS VALID ON THE 80869 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN ANOTHER BUS 
/ CYCLE THE LOCAL BUS IS FLOATED BY THE 8089 WHEN THE 8089 ENTERS A REQUEST BUS ACKNOWLEDGE STATE 
4 SIGNALS AT 6264 OR 6286 ARE SHOWN FOR REFERENCE ONLY 
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% bere : DON'T FLOAT ON A READ FROM AN 4B) PHYSICAL BUS OR MULTIPLEX WITH 
See ea ll DATA ON A WRITE TO AN &BIT OMYSICAL BUS BRE IS STABLE ‘NON 
mote SS MULTIPLEXED) FOR ALL TRANSFERS 


~ 


3-502 ' AFN-00840E 


WAVEFORMS (Continued) _ 


ASYNCHRONOUS SIGNAL RECOGNITION 


> 
7 


CLK 


m TINVCH (SEE NOTE 1) ; ; oes G, 


DRO 1,2 gt 
- R ; ; 
NOTES: as . ain oe: 
1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE NEGATIVE EDGE TRIGGERED. =~ Pee et 
RECOGNITION AT NEXT CLK. 3. DRO BECOMING ACTIVE GREATER THAN 20 ns AFTER THE RISING EDGI 
G CLO vl . 


2. ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE. THE CA INPUT IS WILL GUARANTEE NON-RECOGNITION UNTIL THE NEXT Ri: 


| BUS LOCK SIGNALTIMING AND SINTR TIMING 


fee Any CLK Cycle +! > -— Any CLK Cycle ---| 
| ‘ ; Coes 


CLK 


-—>{ TCLAV |=-- : —+!TCLAV aoe 


—— SINTR 1,2 4a 
LOCK 


| ; eos 
REQUEST/GRANT SEQUENCE TIMINGS 
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8089 RQ OUTPUT 8089 GT INPUT 8089 RELEASE OUTPUT 
(To MASTER) (FROM MASTER) . (TO MASTER) : 
8089 REQUESTS BUS - 8089 WAITS FOR BUS 8089 USES BUS 8089 RELEASES BUS : 
8089 AS MASTER (MODE 1) ‘ 
TCHGX —> <¢— 8089 FLOATS STATUS BUS ; 
j<—TGVCH =a — —TCLGH : 


- | 8089 FLOATS 
A/D SUS 


. 8089 RQ INPUT 8089 GT OUTPUT 
(FROM CURRENT SLAVE) (OLD MASTER BECOMES NEW SLAVE) — 


‘ 


803$ FLOATS A/D BUS * 


8089 AS MASTER (MODE 0) 


TCHGX —> 


8089 FLOATS 
‘STATUS BUS 
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Data Transfers 


LPD P,M_ Load Pointer PPP from Addressed Location 

LPDI P,I Load Pointer PPP immediate 4 Bytes 

MOVP M,P Store Contents of Pointer PPP in Addressed Location 
MOVP P,M_ Restore Pointer 


MOVE DATA 


Source— 
Destination— 
Load Register RRR from Addressed Location 
Store Contents of Register RRR in Addressed Location 
Load Register RRR Immediate (Byte) Sign Extend 
Move Immediate to Addressed Location 


Move from Source to Destination 


Control Transfer 


Call Unconditional 


Unconditional 

Jump on Zero Memory 

Jump on Zero Register 

Jump on Non-Zero Memory 

Jump on Non-Zero Register 

Test Bit and Jump if True 

Test Bit and Jump if Not True 
Mask/Compare and Jump on Equal 
Mask/Compare and Jump on Non-Equal 


\ 


Arithmetic and Logic Instructions 


increment Addressed Location 


Increment Register 
Decrement Addressed Location 
Decrement Register 
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ADDI M,I ADD Immediate to Memory 
ADDI R,I ADD Immediate to Register 
ADD M,R-_ ADD Register to Memory — 
ADD R,M ADD Memory to Register 


ANDI M,I AND Memory with Immediate 
ANDI R,I AND Register with Immediate 
AND M,R AND Memory with Register 
AND R,M_ AND Register with Memory 


M,I OR Memory with Immediate 
R,I OR Register with Immediate 
M,R OR Memory with Register 
R,M OR Register with Memory 


NOT R Complement Register 
NOT M Complement Memory 
NOT R,M Complement Memory, Place in Register 


Bit Manipulation and Test Instructions 


BIT MANIPULATION OPCODE 


7 07 


0 
Set the Selected Bit | BBBO OAAOQ|{1111 01MM 
Clear the Selected Bit BBBO OAAOQ;i1111 #10MM 


OPCODE 


Test and Set Lock COCO 1 AO e ot oD Lae 


Control 


oes ee Se OPCODE 


HLT Halt Channel Execution 

SINTR Set Interrupt Service Flip Flop 

NOP No Operation 

XFER Enter DMA Transfer 
WID Set Source, Destination Bus Width; S,D 0=8, 1= 16 
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*AAField in call instruction can be 00, 03, 10 only. 
*“OPCODE is second byte fetched. 


All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each instruction is given below: 


7 


7 0 


0 
petites lsd: Zaacones calle 


PPP BBB 


MM Base Pointer Select 


RRR Register Field 


The RRR field specifies a 16-bit register to be used in 
the instruction. If-GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load- 
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pointers. 


; byte count 

; task block 

; index register 

; channel control (mode) 
; mask/compare 


000 pO GA 

001 p1 GB 

010 p2 GC : 

100 p4 TP ; task block pointer 


Note 1. Logical and arithmetic instructions should not be used to update the 
CC register (i.e.—only MOV and MOVI instructions should be used.) 
2. A 20-bit register (GA, GB, GC or TP) that is initialized as.a 16-bit \/O 
space pointer must be saved at even addresses when using MOVP or 
CALL instructions. 


3-507 


NOTES: 


BBB Bit Select Field 


The bit select field replaces the RRR field in bit manipu- 
lation instructions and is used to select a bit to be oper- 
ated on by those instructions. Bit 0 is the least signifi- 
cant bit. 


wb 


01 1 byte literal 
10 2 byte (word) literal 
dd 


01 1 byte displacement 
10 2 byte (word) displacement. 


AA Field 


00 The selected pointer contains the operand address. 
01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 
10 The operand address is formed by adding the con- 
tents of the Index register to the selected pointer. 
Both registers remain unchanged. 
Same as 10 except the Index register is post auto- 
incremented (by 1 for 8-bit transfer, by 2 for 16-bit 
transfer). 2 


1 


— 


W Width Field 


O The selected operand is 1 byte long. 
1 The selected operand is 2 bytes long. 


Additional Bytes 


OFFSET : 8-bit unsigned offset. 
SDISP  : 8/16-bit signed displacement. 
LITERAL : 8/16-bit literal. (32 bits for LDPi). 


The order in which the above optional bytes appear in l|OP 


instructions is given below: e 


Offsets are treated as unsigned numbers. Literals and 
displacements are sign extended (2’s complement). 
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: NUMERIC DATA COPROCESSOR 


, | = High Performance Numeric Data Coprocessor = CPU/8087 System Supports 8 Data Types: 8-, 
ee = Adds Arithmetic, Trigonometric, Exponential, 16-, 32-, 64-Bit Integers, 32-, 64-, 80-Bit 


and Logarithmic Instructions to the Standard Floating Point, and 18-Digit BCD Operands 
iAPX 86 and iAPX 186 Instruction Set For All = Adds 8 x 80-Bit Individually Addressable 
Data Types Register Stack 

= All 24 Addressing Modes Available with ® 7 Built-in Exception Handling Functions 


- 8086, 8088/80186, 80188 CPUs. 


# Conforms To Proposed IEEE Floating 
Point Standard 


_ The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance 
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented 
in N-channel, depletion load, silicon gate technology (HMOS), housed in a 40-pin package. Sixty-eight numeric 
processing instructions are added to the iAPX 86, 186 instruction sets, and eight 80-bit registers are added 
to the register set. The 8087 conforms to the proposed IEEE Floating Point Standard. 


= MULTIBUS System Compatible Interface 


The two-chip numeric data processing systems are refered to as follows; 
iAPX 86/20—16-bit 8086 CPU with 8087 
iAPX 88/20—8-bit 8088 CPU with 8087 
iAPX 186—16-bit 80186 CPU with 8087 ' 
iAPX 188—8-bit 80188 CPU with 8087 


[ contro.unt | | | NUMERICEXECUTIONUNIT “e060)”™ltCtMM ( tst~<Cs:s~s~™S as GND [_|1 401 | Voc 
l | EXPONENT FRACTION l (A14) AD14 |_| 2 39| | AD15 
l | | (A13) AD13 LJ 3 A16/S3 
Soro ie | apemee aie 
ATUS Wi 
| | INTERFACE | 
(A10) AD10 -] A19/S6 
| | ‘6 | = 
NEU INSTRUCTION MICROCODE (A9) AD9 LI ¢ " BHE/S7 
| | aca pase: | (A8) AD8 ] Raat 
DATA aData. . = | Ap7 || 32] ) INT 
ma _ 
, | soe . 
: AD4 [ | 12 
| | NC 
| ae | aps [13 $2 
| | 4 jc ear | | AD2 5 
| i 2 oe 
| | ook . net =D 80 
sravus | jy aaa er (° =i at 
i eS oe 4 rece | | nc U7 241 J @st 
anoness a : a i Ne (18 23[] BUSY 
he cee Se Payee eee ee, ee ee CLK [| 19 22] ] READY 
GND [] 20 211] RESET 


Figure 1. 8087 Block Diagram Figure 2. 8087 Pin Configuration 


z intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
© INTEL CORPORATION, 1983. 3-508 MARCH 1983 
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Table 1. 8087 Pin Description 


Address Data: These lines constitute the time multiplexed memory address (T,) and data (To, Ts, Tw, T4) wa. 
AO is analogous to BHE for the lower byte of the data bus, pins D7-DO. It is LOW during T, when a byte 
is to be transterred on the lower portion of the bus in memory operations. Eight-bit oriented devices tied 
to the lower half of the bus would normally use AO to condition chip select functions. These lines are active 


HIGH. They are input/output lines for 8087-driven bus cycles and are inputs which the 8087 monitors when the | 


CPU is in control of the bus. A15-A8 do not require an address latch in an iAPX 88/20. The 8987 will supply 
an address for the T;-T, period. , 


Address Memory: During T, these are the four most significant address lines for memory operations. During 
memory operations, status information is available on these lines during To, T3, Tw, and T,. For 8087 controlled 


bus cycles, S6, S4, and S3 are reserved and currently one (HIGH), while S5 is always LOW. These lines 


are inputs which the 8087 monitors when the CPU is in control of the bus. 


Bus High Enable: During T; the bus high enable signal (BHE) should be used to enable data onto the most 
significant half of the data bus, pins D15-D8. Eight-bit-oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select functions. BHE is LOW during T, for read and write cycles 
when a byte is to be transferred on the high portion of the bus. The S7 status information is available during 
To, Tz, Ty, and Ty. The signal is active LOW. S7 is an input which the 8087 monitors during the CPU-controlied 
bus cycles. 


Status: For 8087-driven bus cycles, these status lines are encoded as follows: 
$2 Si 

0 (LOW) X . Unused 

1 (HIGH) Unused 


Write Memory 


0 
1 0 Read Memory 
a4 
1 Passive 


1 
1 
Status is driven active during T,, remains valid during T, and To, and is returned to the passive state (1, 1, 1) 
during T; or during Ty when READY is HIGH. This status is used by the 8288 Bus Controller (or the 82188 


Advanced Bus Controller with a 186/188 CPU) to generate all memory access control signals. Any change 
in S2, Si, or SO during T, is used to indicate the beginning of a bus cycle, and the return to the passive 


state in T; or Tw is used to indicate the end of a bus cycle. These signals are monitored by the 8087 when 


the CPU is in control of the bus. 


Request/Grant: This request/grant pin is used by the 8087 to gain control of the local bus from the CPU for 
operand transfers or on behalf of another bus master. It must be connected to one of the two processor request/ 
grant pins. The request grant sequence on this pin is as follows: 


1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 8087 or the master 
connected to the 8087 RQ/GT1 pin. 

2. The 8087 waits for the grant pulse and when it is received will either initiate bus transfer activity in the clock 
cycle following the grant or pass the grant out on the RQ/GT1 pin in this clock if the initial request was for 
another bus master. 

. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of the last 8087 bus cycle 
or on receipt of the release pulse from the bus master on RQ/GT1. 


For iAPX 186 systems, the same sequence applies except ROQ/GT signals are converted to appropriate HOLD, 
HLDA signals by the 82188 Advanced Bus Controller. This is to conform with iAPX 186’s HOLD, HLDA 
bus exchange protocol. 


3-509 pe, | AFN-01820E 


Sse 


oo RC FL 


Py Re ee ee a DRT oe ay orate ae gts of Bie 42) See pene ae 

NL > eg Pans = Me) Son y he 4 

o. ‘a <> xX “ee 7” La ty pit. haem eo, 

5 : + eed Tacs ‘oe = Ge IS ie . 
. < . * . oy * A > 


= Fin en oo ele te 


Table 1. 8087 Pin Description (Continued) 


Request/Grant: This request/grant pin is used by another local bus master to force the 8087 to request 
the local bus. If the 8087 is not in control of the bus when the request is made the request/grant sequence 
is passed through the 8087 on the RQ/GTO pin one cycle later. Subsequent grant and release pulses are 
also passed through the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1 
has an internal pullup resistor, and so may be left unconnected. If the 8087 has control of the bus the request/ 
grant sequence is as follows: . 


1. A pulse 1 CLK wide from another local bus master indicates a local bus request to the 8087 (pulse 1). 

2. During the 8087’s next T, or T; a pulse 1 CLK wide from the 8087 to the requesting master (pulse 2) 
indicates that the 8087 has allowed the local bus to float and that it will enter the “RQ/GT acknowledge” 
state at the next CLK. The 8087’s control unit is disconnected logically from the local bus during “RQ/GT 
acknowledge.” 

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the “RQ/GT” request 

is about to end and that the 8087 can reclaim the local bus at the next CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 


For iAPX 186 systems, the RQ/GT1 line may be connected to the 82188 Advanced Bus Controller. In this case, 
a third processor with a HOLD, HLDA bus exchange system may acquire the bus from the 8087. For this 
configuration, RQ/GT1 will only be used if the 8087 is the bus master. 


QS1, QS0: QS1 and QS0 provide the 8087 with status to allow tracking of the CPU instruction queue. 


Qsi = aso’ 
0 (LOW) 0 No Operation 

0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from. Queue 


Interrupt: This line is used to indicate that an unmasked exception has occurred during numeric instruction 
execution when 8087 interrupts are enabled. This signal is typically routed to an 8259A for 8086 systems 
and to INTO for iAPX 186 systems. INT is active HIGH. 


Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is connected to the CPU's 
TEST pin to provide synchronization. In the case of an unmasked exception BUSY remains active until the 
exception is cleared. BUSY is active HIGH. 


Ready: READY is the acknowledgment from the addressed memory device that it will complete the data 
transfer. The RDY signal from memory is synchronized by the 8284A Clock Generator to form READY for 
8086 systems. For iAPX 186 systems, RDY is synchronized by the 82188 Advanced Bus Controller to form 
READY. This signal is active HIGH. 


Reset: RESET causes the processor to immediately terminate its present activity. The signal must be active 
HIGH for at least four clock cycles. RESET is internally synchronized. 


Clock: The clock provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 


‘ee eae Power: Vcc is the +5V power supply pin. 


GND Se Ground: GND are the ground pins. 
NOTE: 


For the pin descriptions of the 8086, 8088, 80186 and 80188 CPU's, reference the respective data sheets (iAPX 86/10, iAPX 88/10, 
iAPX 186, iAPX 188). 
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APPLICATION AREAS 


The 8087 provides functions meant specifically for high 
performance numeric processing requirements. Trigo- 
nometric, logarithmic, and exponential functions are 
built into the coprocessor hardware. These functions 
are essential in scientific, engineering, navigational, 
or military applications. . 


The 8087 also has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 18 digits without 
roundoff errors. It can also perform arithmetic on inte- 
gers as large as 64 bits + 10'8). 


PROGRAMMING LANGUAGE SUPPORT 
Programs for the 8087 can be written in Intel’s high- 
level languages for iAPX 86, 88 and iAPX 186, 188 


Systems; ASM-86 (the iAPX 86, 88 assembly language), 
PL/M-86, FORTRAN-86, and PASCAL-86. 


RELATED INFORMATION 


For iAPX 86/10, iAPX 88/10, iAPX 186 or iAPX 188 details, 
refer to the respective daia sheets. 


FUNCTIONAL DESCRIPTION 
The 8087 Numeric Data Processor’s architecture is 


designed for high performance numeric computing in 
conjunction with general purpose processing. 


78 


64 
EXPONENT 


The 8087 is a numeric processor extension that pro- 
vides arithmetic and logical instruction support for a 


variety of numeric data types. It also executes numerous ~ 


built-in transcendental functions (e.g., tangent and log 
functions). The 8087 executes instructions as a copro- 


cessor to a maximum mode CPU. It effectively extends — 


the register and instruction set of the system and adds 
several new data types as well. Figure 3 presents the 
registers of the CPU-8087. Table 2 shows the range of 


data types supported by the 8087. The 8087 istreated | 


as an extension to the CPU, providing register, data 


types, control, and instruction capabilities at the hard- — 


ware level. At the programmers level the CPU and the 
8087 are viewed as a single unified processor. 


System Configuration . 


As acoprocessor to an 8086 or 8088, the 8087 is wired 
in parallel with the CPU as shown in Figure 4. Figure 
5 shows the iAPX 186 system configuration. The CPU’s 
status (SO-S2) and queue status lines (QS0-Q$1) 
enable the 8087 to monitor and decode instructions 


in synchronization with the CPU and without any CPU © 


overhead. For iAPX 186 systems, the queue status 
signals of the iAPX 186 are synchronized to 8087 


requirements by the 82188 Advanced Bus Controller. © 


Once started, the 8087 can process in parallel with, 
and independent of, the host CPU. For resynchroniza- 
tion, the 8087’s BUSY signal informs the CPU that the 


8087 is executing an instruction and the CPU WAIT — 


instruction tests this signal to insure that the 8087 is 


ready to execute subsequent instructions. The 8087 


8087 | 
eee ae TAG FIELD 
63 01 0 


sian | EXPONENT | SIGNIFICAND 
teats 


Figure 3. CPU-8087 Architecture 
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can interrupt the CPU when it detects an error or 
exception. The 8087’s interrupt request line is typically 
routed to the CPU through an 8259A Programmable 
Interrupt Controller for 8086, 8088 systems and INTO 
for iAPX, 188. 


@ 


The 8087 uses one of the request/grant lines of the’ 


iAPX 86, 88 architecture (typically RQ/GT1)to eae 
control of the local bus for data transfers. The other 
~ request/grant line is available for general system use 
(for instance by an I/O processor in LOCAL mode). 
A bus master can also be connected to the 8087’s 
RQ/GT1 line. In this configuration the 8087 will pass 
the request/grant handshake signals between the CPU 
and the attached master when the 8087 is not in control 
of the bus and will relinquish the bus to the master 
directly when the 8087 is in control. In this way two 
additional masters can be configured in an iAPX 86, 
88/20 system; one will share the 8086 bus with the 
8087 on a first come first served basis, and the second 
will be guaranteed to be higher in priority than the 8087. 


For iAPX 186 systems, RQ/GTO and RQ/GT1 are con- 


8087 


nected to the corresponding inputs of the 82188 — 
Advanced Bus Controller. Because the iAPX has a HOLD, 
HLDA bus exchange protocol, an interface is needed 
which will translate RQ/GT signals to corresponding 
HOLD, HDLA signats and visa versa. One of the funtions 
of the 82188 ABC is to provide this translation. RQ/GTO 
is translated to HOLD, HLDA signals which are then 
directly connected to the iAPX 186. The RQ/GT1 line is 
also translated into HOLD, HLDA signals (referred to as 
SYSHOLD, SYSHLDA signals) by the 82188 ABC. This 
allows a third processor (using a HOLD, HLDA bus 
exchange protocol) to gain control of the bus. Unlike an 
iAPX 86/20 system, RQ/GT1 is only used when the 
8087 has bus control. If the third processor requests 
the bus when the current bus master is the 186, the 
82188 ABC will directly pass the request onto the 186 
without going through the 8087. The third processor 
has the highest bus priority in the system. If the 8087 
requests the bus while the third processor has bus 
control, the grant pulse will not be issued until the 
third processor releases the bus (using SYSHOLD). 
In this configuration, the third processor has the highest 
priority, the 8087 has the next highest, and the 186 
has the lowest bus priority. 


Table 2. 8087 Data Types 


Precision 


Data Range 
Formats g 


Byte integer 


Word Integer ae 16 Bits l45 


Short Integer i 32 Bits 134 
9/8 ; 


| ag ae ae pee eae 
S| Fo Implicit 

ce ee 
Temporary Real 64 Bits | S|Ew Eo] Fo F63 


24 Bits 


Short Real 107" 


Long Real 


Integer: y 


Packed BCD: (- 1)° (D37. . .Do) 


Most Significant Byte 


7 7 oo” of er 0l7 
Two's Complement 


lo} Two’s Complement 


In| Two’s Complement 


Two’s 
0 Complement 


Real: (— 1)9(2 E-BIAS 


*)(FoeFy. . -) 

Bias=127 for Short Real 
1023 for Long Real 
16383 for Temp Real 
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Bus Operation 


The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86, 88 
series (maximum mode configuration). The address is 
time multiplexed with the data on the first 16/8 lines 
of the address/data bus. A16 through A19 are time 
multiplexed with four status lines S3-S6. S3, S4 and 
S6 are always one (HIGH) for 8087-driven bus cycles 
while S5 is always zero (LOW). When the 8087 is 
monitoring CPU bus cycles (passive mode) S6 is also 
monitored by the 8087 to differentiate 8086/8088 activity 
from that of a local I/O processor or any other local 
bus master. (The 8086/8088 must be the only processor 
on the local bus to drive S6 LOW.) S7 is multiplexed 
with and has the same value as BHE for all 8087 
bus cycles. 


The first three status lines, SO-S2, are used with an 


8288 bus controller or 82188 Advanced Bus Controller 
to determine the type of bus cycle being run: 


$2 Si $0 
0 X X Unused 
1 0 0 Unused 
1 0 1 Memory Data Read 
1 1 0 Memory Data Write 
1 1 1 Passive (no bus 
cycle) 
Programming Interface 


The 8087 includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and pro- 
gram control. It also includes 68 numeric instructions 
for extended precision integer, floating point, trigono- 
metric, logarithmic, and exponential functions. Sample 
execution times for several 8087 functions are shown 
in Table 3. Overall system performance is 100 times 
that of an iAPX 86/10 class processor for numeric 
instructions. 


Any instruction executed by the 8087 is the combined 
result of the CPU and 8087 activity. The CPU and the 
8087 have specialized functions and registers providing 
fast concurrent operation. The CPU controls overall 
program execution while the 8087 uses the coprocessor 
interface to recognize and perform numeric operations. 


Table 2 lists the eight data types the 8087 supports — 


and presents the format for each type. Internally, the 
8087 holds all numbers in the temporary real format. 


Load and store instructions automatically convert 


operands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating point numbers or 18- 
digit packed BCD numbers into temporary real format 
and vice versa. The 8087 also provides the capability 
to control round off, underflow, and overflow errors 
in each calculation. 


Computations in the 8087 use the processor’s register 
stack. These eight 80-bit registers provide the equivalent 
capacity of 20 32-bit registers. The 8087 register set 
can be accessed as a stack, with instructions operating 
on the top one or two stack elements, or as a fixed 
register set, with instructions operating on explicitly 
designated registers. | 


Table 5 lists the 8087’s instructions by class. All appear 
as ESCAPE instructions to the host. Assembly language 
programs are written in ASM-86, the iAPX 86, 88 as- 
sembly language. 


Table 3. Execution Times for Selected iAPX 86/20 


Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 


Approximate Execution 


Time (us) 
Floating Point 
Instruction | iAPX 86/20 iAPX 86/10 
(5 MHz 
Clock) Emulation 
Add/Subtract 
Multiply (single 
precision) 
Multiply (extended 
precision) 
Divide 
Compare 


Load (double precision) 
Store (double precision) 
Square Root 

Tangent 

Exponentiation 
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NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 


As Shown in Figure 5, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU exe- 
cutes all numeric instructions, while the CU receives 


- and decodes instructions, reads and writes memory 


operands and executes 8087 control instructions. The 
two elements are able to operate independently of one 
another, allowing the CU to maintain synchronization 


with the CPU while the NEU is busy processing a 
numeric instruction. 


Control Unit 


The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed with 
CPU instructions in a single instruction stream. The CPU 
fetches all instructions from memory; by monitoring the 
status (SO-S2, S6) emitted by the CPU, the control unit 
determines when an instruction is being fetched. The 


Figure 4. iAPX 86/20, 88/20 System Configuration 
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CU monitors the Data bus in parallel with the CPU to 
obtain instructions that pertain to the 8087. 


The CU maintains an instruction queue that is identical 
to the queue in the host CPU. The CU automatically 
determines if the CPU is an 8086/186 or an 8088/188 
immediately after reset (by monitoring the BHE/S7 line) 
and matches its queue length accordingly. By monitor- 
ing the CPU’s queue status lines (QSO, QS1), the CU 
obtains and decodes instructions from the queue in 
synchronization with the CPU. 


Anumeric instruction appears as an ESCAPE instruction 
to the CPU. Both the CPU and 8087 decode and execute 
the ESCAPE instruction together. The 8087 only 
recognizes the numeric instructions shown in Table 5. 
The start of a numeric operation is acomplished when 
the CPU executes the ESCAPE instruction. The instruc- 
tion may or may not identify a memory operand. 


The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to amemory operand, 
the CPU calculates the operand’s address using any 
one of its available addressing modes, and then per- 
forms:a “dummy read” of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 


An 8087 Instruction can have one of three memory 
reference options; (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into 
memory. If no memory reference is required, the 
8087 simply executes its instruction. If a memory 
reference is required, the CU uses a “dummy read” 
cycle initiated by the CPU to capture and save the 
address that the CPU places on the bus. If the in- 
struction is a load, the CU additionally captures the 
data word when it becomes available on the local 
data bus. If data required is longer than one word, 
the CU immediately obtains the bus from the CPU 
using the request/grant protocol and reads the rest 
of the information in consecutive bus cycies. In a 
store operation, the CU captures and saves the store 
address as ina load, and ignores the data word that 
follows in the “dummy read” cycle. When the 8087 is 
ready to perform the store, the CU obtains the bus 
from the CPU and writes the operand starting at the 
specified address. 


Numeric Execution Unit 


The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc- 
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 


When the NEU begins executing an instruction, it : 
activates the 8087 BUSY signal. This signal can be | 


used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 


Register Set 


The iAPX 86/20 register set is shown in Figure 3. Each 


of the eight data registers in the 8087’s register stack — 


is 80 bits and is divided into “fields” corresponding 
to the 8087’s temporary real data type. 


At a given point in time the TOP field in the control word — 


identifies the current top-of-stack register. A “push” 
operation decrements TOP by 1 and loads a value into 
the new top register. A “pop” operation stores the value 
from the current top register and then increments TOP 
by 1. Like CPU stacks in memory, the 8087 register 
stack grows “down” toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is “top-relative.” 


Status Word 

The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
16-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B= 1), or is idle (B=0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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See Table 3 for condition code interpretation. 


‘Top Values: 
al Register 0 is Top of Stack. 
ee : 001 = Register if is Top of Stack, 
is pete" ned 
fie. = nh Ge e 
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111 = Register 7 is Top of Stack. 


3 oR is set if any unmasked exception bit is set, cleared otherwise. 


OAD eg 
A Se 


EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 


" INVALID OPERATION 
 DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 
INTERRUPT REQUEST“ 
CONDITION CODE” 
TOP OF STACK POINTER” 
NEU BUSY 


a sg - The four numeric piaiiok code bits (Co-Cs) are similar 

- toflags in a CPU: various instructions update these bits 

to reflect the outcome of 8087 operations. The effect of 

_ these instructions on the condition code bits is sum- 
marized i in fable 4. 


- Bits 14-12 of the status word point to the 8087 regis- 
ter that is the current top-of-stack (TOP) as 
_ described above. 


__ unmasked exception bit is set and glenred other- 
_ wise. 


nee 
ss Bits 5-0 are set to indicate that the NEU has 
= “ oe detected an exception while executing an instruc- 
BS es tion. 7 
Pie ea | ; f 
enn oe ' 

ad Tag Word 
ee _ The tag word marks the content of each register as 


- shown in Figure 7. The principal function of the tag 


{ ‘ 
hs 


oh 


Bit 7 is the interrupt request bit. This bit is set if any | 


word is to optimize the 8087's performance. The tag 
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Figure 6. 8087 Status Word 


word can be used, however, to interpret the contents 
of 8087 registers. 


Instruction and Data Pointers 


The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory. 


TAG VALUES: 
00 = VALID 
01 = ZERO 
10 = SPECIAL 
11 = EMPTY 


Figure 7. 8087 Tag Word 
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Instruction 
Type 


Compare, Test 


Remainder 


_ Examine 


Hhimimntituvntndi oa ot OOO 00-000 Cc 


NOTES: 
1. ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 


4. Qn = Quotient bit n 
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Table 4b. Condition Code Interpretation after 
FPREM Instruction As a Function of 
Dividend Value 


Dividend Range 


Dividend < 2 * Modulus 


Dividend < 4 * Modulus 
Dividend = 4 * Modulus 


_ NOTE: 
1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 


—“_a~—_—-O 0-00-0000; C 


Interpretation 


ST > Source or 0 (FTST) i ie 
ST < Source orO(FTST) 
ST = Source orO(FTST) 

i 


ST is not comparable 


Complete reduct ion wit 7 


Invalid, negative,exponent=0 | 
eee 1 


three low bits of quotient | 
(See Table 4b) (ial ae 
U Incomplete Reduction : | 
0 Valid, positive unnormalized 
1 Invalid, positive, exponent =O 
0 Valid, negative, unnormalized 
1 Invalid, negative, exponent =0 
0 Valid, positive, normalized =|. 

1 Infinity, positive Ree ee 
0 Valid, negative, normalized | 
1 Infinity, negative eh age Oe tne 

0 Zero, positive pa een 

1 Empty eee 

O |. Zero,negative saves 

1 Empty 2 Nie rece 
0 Invalid, positive, exponent=0 | 
1 | ‘Empty de 
0 

1 


Empty 


15 0 
CONTROL WORD 
STATUS WORD 


INSTRUCTION POINTER (15-0) 
INSTRUCTION INSTRUCTION 
POINTER (19-16) OPCODE (10-0) 
DATA POINTER (15-0) 


DATA POINTER 
(19-16) 


12 11 0 


Figure 8. 8087 Instruction and Data Pointer 


Image in Memory ; 
: 
: ; 
: 
iy pets Sy 
A * 4 * 
= tae ) : 
ae oe ‘ -— iP , 
Wh =e : 4 - my, 
H a a che os ; mak % 
4 ae] : “a 4 ; ‘ 
- Be ya¥as ik Ade iy, 
v0 “ i rat * rs ke 


’ 
. 


ee 


ae > 
4 “ *y a= 4 y’ 
ve ian Se a Ss 
= ee aes 


: ‘ r a tak 
eet) 72 ae 2 a it. 
ve a: a ae 
A , 
¥ Lae 


+ hy 
—* 


Control Word 


The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fieids in tne control word. 


The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
‘bit 7 contains a general mask bit for all 8087 in- 
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci- 
sion control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use- 
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 


- proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 


affine closure, +~, or projective closure, ~, is treated 
as unsigned, may be specified). 


Exception Handling 


The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 


If interrupts are disabled the 8087 will simply con- 
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 


1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, ©— ~, etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this vaiue in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087's default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANSs as the cal- 
culation result. 


15 0 


BF phatasice Ms BARR SE (RESERVED) 


Precision Control ‘Rounding Control 


00 = 24 bits 00 = Round to Nearest or Even 
01 = Reserved 01 = Round Down (toward — ~) 
10 = 53 bits 10 = Round Up (toward + ~) 

11 = 64 bits 


11 = Chop (truncate toward zero) 


EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 


INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 


INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 
PRECISION CONTROL"? 

ROUNDING CONTROL” | 

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
(RESERVED) 


Figure 9. 8087 Control Word 
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“OVERF LOW: ‘The result i is 6a es in magnitude 
to fit the specified format. The 8087 will generate 
an encoding for infinity if this eeeeetion is 
masked. 


; 


ZERO DIVISOR: The divisor is zero while the divi- 


dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 


UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex- 


4 


6. 


| ponent isin 1 range. “This process isc 


this flag is set. If this ecepion 
Sts. will simply continue. 


underflow. Se co vee 


ss SAS or the result is donor : 
smallest exponent but a non-zero signi 
Normal processing continues if 
masked off s 


~~ 


ez, 


‘INEXACT RESULT: It the true res t 
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Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


ABSOLUTE MAXIMUM RATINGS* *“NOTICE: Stresses above those listed under Absolute 


Ambient Temperature Under Bias........... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............ tomesp —65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin with | specification is not implied. Exposure to absolute maxi- 

Respect to Ground .................... —1.0V to +7V mum rating conditions for extended periods may affect 
Powar Dissipation |. 2cci2 6/200. 0...6.8. Se 3.0 Watt device reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C, Veco =+5V + 5%) 


Input Low Voltage 


Output Low Voltage 


|_Symbol_ 
Output High Voltage 


Capacitance of Inputs 


Cio Capacitance of I/O Buffer 
: (ADO-15, Ayg-Ayz9, BHE, S2-S0, 
RQ/GT) and CLK 


TIMING REQUIREMENTS 


|Symbol | Parameter 
TCLCL CLK Cycle Period 
TCLCH CLK Low Time 


Min, 
ee. eee 
at ee 
|TCHCL | CLKHighTime | 
IOHICHA| CLK RiseTime | 
proc? | Clk Fartime 
|TOVCL | DatainSetupTime | 90 
|TCLDX | DatainHoldTime | 10 
TRYHCH | READY Setup Time | 118 
TCHRYX | READY Hold Time | 30 

eS 2s 
[TGVCH | RQIGTSetupTime | 80 
TCHGX | RQ/GTHold Time | 40 
|TAVCL | QS041SetupTime | 8 
FTCLAX | QSO1HoldTime | 10 
|TSACH | Status Active Setup Time | 30 
[TSNCL | Status Inactive Setup Time | 30 
TILIH | Input Rise Time (Except CLK)| 

pads fe 2 5 


TIHIL Input Fall Time (Except CLK) 
** See Note 3 


i 
TRYLCL | READY Inactive to CLK** 
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A.C. CHARACTERISTICS (Continued) | ee ee 


TIMING RESPONSES na 
. 
Cy = 20— 100pF for all 
8087 Outputs (in addi- 
to 8087 self-load) ee 


C= 40pF (in addi-: Ss 
tion to 8087self-load) hs Sg? 
From 0.8V to 2.0V : Seay 
From 2.0V to 0.8V_ eee 


NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 
2. Applies only to T3 and wait states. 

3. Applies only to Tz state (8 ns into T3). 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 


1.5 <«——— TEST POINTS ——— 1.5 TEST 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
ALOGIC "0." 


C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


MASTER MODE 


T, 


1 
TCHICH2 TCL2CL1 
TCLCL T;, 


VCH 

VCL 

: = = 
25,5 oe aaa mt Uf 
rus aes Sie “fo 
fecnns, eK ee 
7/Ay9/S,-A,6/S; FLOAT 
a 


TSVLH (SEE NOTE 3) 
TCLLH wg pep 
ALE (8288 OUTPUT) 4 
(SEE NOTES 4, 6, 9) 


— ek 
(SEE NOTE 2) 


READ CYCLE 
Sey 


WRITE CYCLE 


> ca) 
LOAT 
iz NOTE 


TCLML TCLMH ie. 
8288 OUTPUTS 
(SEE NOTES 6,7) “AMWTC 
scm we yr 


NOTES: 


. ALL SIGNALS SWITCH BETWEEN Vo; AND Voy UNLESS OTHERWISE SPECIFIED. 
. READY IS SAMPLED NEAR THE END OF To, Tz AND Ty TO DETERMINE IF Ty, MACHINE STATES ARE TO BE INSERTED. 

THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 8086/8088. 

. ALE RISES AT LATER OF (TSVLH, TCLLH). 

. STATUS INACTIVE IN STATE JUST PRIOR TO Tq. 

. SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

. THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN. 
. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

. REFER TO THE 82188 ADVANCE BUS CONTROLLER FOR 186, 188 SYSTEMS. 
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PASSIVE MODE 


BHE/S,,A,,/S,-A,,/S, WY BHE,A,,-A,, s7- 


TDVCL 


AD,,-AD, 


TCHRYX 


TCHRYX 


RESET TIMING 


>20 CLK CYCLES 
>8 CLK CYCLES 


8087 TRACKS 8087 READY TO 
>4 CLK CYCLES CPU ACTIVITY EXECUTE INSTRUCTIONS 


REQUEST/GRANTy TIMING 


> 1CLK 
evce—* 


RQ/GTO 


AD,,-AD, 
Ay,/ S,-A,,/S; 
4,,5,,3, 


._ BHE/S7 


\ 


NOTE: THE CPU PROVIDES ACTIVE PULLUP OF AG/GT0, SEE TCLGH SPEC. 
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‘SHOWN WITHOUT RISKING BUS CONTENTION. 


BUSY, INT 


ntinued) 
NOTE 


Co 


at 


Y AND INTERRUPT TIMING 


Integer/Real Memory to ST(0) 
Long Integer Memory to ST(0) 


Temporary Real Memory to 


ST(0) 
BCD Memory to ST(0) 


ST(i) to ST(0) 


FST = STORE 
ST(0) to Integer/Real Memory 


ST(0) to ST(i) 


FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 


-ST(0) to Long Integer Memory 
ST(0) to Temporary Real 
Memory 
ST(0) to BCD Memory 


ST(0) to ST(i) 


FXCH = Exchange ST(i) and 
ST(0) 


Comparison 
FCOM = Compare 
- Integer/Real Memory to ST(0) 


ST(i) to ST (0) 


FCOMP = Compare and Pop 


Integer/Real Memory to ST(0) 
ST(i) to ST(0) 


\ 


FCOMPP = Compare ST(1) to 
ST(0) and Pop Twice 


FTST = Test ST(0) 


FXAM = Examine ST(0) | 


_ Mnemonics © intel 1982. 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets . F; 
Optional Clock Count Range 
hae 8,16 Bit 32 Bit | 32Bit | 64Bit | 16 
Data Transfer Displacement Real | Integer | Rez 
FLD = LOAD 


ESCAPE MF 1|MOD 000 AM| _ ODISP . 38-56 52-60 4 


3 ea oe Sint +EA +EA “+ 
ESCAPE 11 1{1MOD 101 AM| _ DISP | 60-68 +EA 
: ; I Ta da I P 
ESCAPE 0 1 1 | MOD 101 AM| —_ ODISP | 53-65 +EA 
, fest? ere bendy bts ny foe Reve F 
ESCAPE 1 1 1 | MOD 1 0 0 R/M DISP 290-310 +EA 
ESCAPE 0 01/11 000 STi) 47a «>: 
ESCAPE MF 1 | MOD 0 1 0 RIM DISP | 84-90 82-92 96-104 80-90 
: meee eee +EA +EA +€A +EA | 
ESCAPE 1.0 1 (°1°1'O° 1° 0 STH ~ 15-22 ie ty 
ESCAPE MF 1 | MOD 0 11 RM DISP | 86-92 84-94 98-106 — 
ESE CN AI AO ZY gS 
ESCAPE 1 1 1 | MOD 1 11 RIM DISP | 94-105 +EA 
ESCAPE 0 1 1 | MOD 1 1 1 RIM DISP | 52-58 +EA 


ESCAPE 1 1 1 | MOD 1 1 0 RIM DISP © | 


520-540 +EA 


17-24 


ESCAPE 0°Q 1.) 1°7:0 0 TST) 10-15 
ESCAPE MF 0 | MOD 0 1 0 R/M DISP j 60-70 78-91 65-75 
. mesceeee me 6+ EA 6 6+EA 6+EA 
ESCAPE 0 00!]1 1 01 0 STi) 40-50 
ESCAPE MF 0 | MOD 0 1 1 RIM DISP | 63-73 80-93 67-77 74-88 | 
= Pe eS +EA +EA +EA 
ESCAPE 000,11 01 1 STij 45-52 ) 
SCARE 1 12-0 1 1 4 OC T1881 45-55 
ESCAPE 0 0 -1..1.1.4-.17 80.10.90 38-48 
eral 12-23 
= abe. : - oa eS: X 
vx . 3 Shy on ee 
Bo ie 5 Sree Se ae oe 
a he : * ; ae : Eyes . 
é “es 7 rm Pa ms eke be ie + A 
+ : = I: s wes - ro an SAL 
3 di x ap ‘* . Ba? 7) he sy -* Bre ‘ 2, on - 
Ves wr a eae Ee 


renew Optional 
A peepee 8,16 Bit 
| Constants Displacement 


MF te 


| -FLDZ = LOAD + 0.0intost(0) [ ESCAPE 0 0 1 


RNS as a ae, 
be 7 


| FLD1 = LOAD + 1.0:into ST(0) 101000 


| ) 


ESCAPE 001/11 


= | FLDPI = LOAD z into ST(0) 


NX 


ESCAPE: °0°°O 1.14 4 VORA OUR A 


| FLDL2T = LOAD logg 10 into | ESCAPE 0 01/1 1 
oo | 


Oe E Ot} 


ee i : = / FLDL2E = LOAD logp € into 

2 Sr) 

| FLDLG2 = LOAD Iog}o 2 into 
| ST(O) 


ESCAPE 0 0O 1 


Eocare: 0 -O28-5 T 42031 3, 8.8 


* 


| FLDLN2 = LOAD loge2into. | ESCAPE 0 0 1 
ST(O) | 


=i 
aa ° 
— 
Oo 
— 
—_ 
oO 
ak 


~ “Arithmetic | 
_| FADD = Addition 


| Integer/Real Memory with ST(0) | ESCAPE MF 0 | MOD 0 0 0°A/M Disp} 
ST(i) and ST(0) _ ESCAPE d P 0 | 11 00 0 STi) 
; 3 a FSUB = Subtraction 
| Integer/Real Memory with ST(0) | ESCAPE MF 0 | MOD 10R AM | ODISP | 
rs 1. | << Pals Lap Se RET ARAN PEP be bs PL ES es HS 
| ST(i) and ST(0) ESCAPE d P 0/1 11 0R R/M 
| FMUL = Multiplication 
| Integer/Real Memory with ST(0) | ESCAPE MF 0 | MOD 0 9 1 RIM Disp! 
| ST(i) and ST(0) ESCAPE d P 0 |11 001 AIM 
_ FDIV = Division diet SEE Pee SIL RN eh EO Ele eS IY 
- Integer/Real Memory with ST(0) | ESCAPE MF 0 | MOD 1 1 R RIM DISP_ | 
ST(i) and ST(0) | ESCAPE d P 0 | 1111 =R RIM 
| FSQRT = Square Root of ST(0) | ESCAPE 0 01/11 1431410140 
FSCALE = Scale ST(0) by ST(1) | ESCAPE 0 01/11 11414101 
_ | FPREM = Partial Remainderof | ESCAPE 0O O 1 I> 1-1-0 6: 6 
| ST(0) +ST(1) 
_| FRNDINT = Round ST(0) to BSGARE. 0-0 CE 41-4 0 
Integer . See 
_ NOTE: eet ere renee 
1. If P=1 then add 5 clocks. ; 
< Pine : . : : ; fasten i 


16 Bit 
Integer 


32 Bit 
Real 


32 Bit 
Integer 


18-24 


17-23 


90-120 108-143 95-125 102-137 


+EA +EA +EA +EA 
’ 70-100 (Note 1) 

90-120 108-143 95-125 102-137 
+EA +EA +EA +EA 


70-100 (Note 1) 


110-125 130-144 112-168 124-138 
+EA “+EA +EA +EA 


90-145 (Note 1) 


215-225 230-243 220-230 224-238 
+EA +EA +EA +EA 


193-203 (Note 1) 
180-186 
32-38 
15-190 


16-50 


‘ 
ay 
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pi Table 5. 8087 Extensions to the 86/186 Instructions Sets (cont.) segs ee 


fey 7 ats’ Optional =————S—SC«CCtock Cou 
ca bya, 5 : .- S16 Bit iS 
Displacement _ = 


FXTRACT = Extract ESCAPE 0 0 1 f 27-5! 

Components of St(0) <1 Soe RIE “Dia Pietaek 
-FABS = Absolute Value of. ESCAPE 0 0 ; Lf : ; ! -17 : 
ST(0) ao , ie 
FCHS = Change Sign of ST(0) | ESCAPE 0 0 1 10-17 
Transcendental : hs ep Stages ov A an ae 


FPTAN = Partial Tangent of (sete eae 
ST(0) ; fi : : ‘ : ; Seip at Ae Sea 


FPATAN = Partial Arctangent | ESCAPE 001/11 1100d14%4- | ge. (250-800 


of ST(0) =ST(1) ; 


g = Lac St an fp’ par ao 
Faxmt = 297(0)_, ‘| ESCAPE 001/11 110000 | : ot gdocguge disse = 


-FYL2X = ST(1)* Logs EScerPe 9 o- Tt ot Aa ee O84 SoS SOOSBOH E 
[ST(O)] . | aie brat ke 


FYL2XP1=ST(1)*Loge § «| ESCAPE 0 O'1 | 14147 004-f 0” 700-1000 


[ST(0) +1] ‘ | af 
Processor Control ; Se) 2 EAE 


FINIT = initialized 8087 | S6CaRE 0.4 270 4°44. 0 0 0 a4 : Sony cA QBs SATE 
FENI = Enable Interrupts ESCAPE 0-471, -1¢1 1) 6-0 0.00" |? 


FDISI = Disable Interrupts 


ore 


FLDCW = Load Control Word | ESCAPE 0 0 1 | MOD 1 0 1 RIM DISP | | 


FSTCW = Store Contro! Word 12-18 + EA : ae 


-FSTSW = Store Status Word 12-18 +EA 


FCLEX = Clear Exceptions 


_ FSTENV = Store Environment [ escaPe 0 0 1 | 0 01]MOD 110 RM ~ | ~DISP’ "| 40-50 +EA 


. 4 . 5 ’ f 


FLDENV = Load Environment | ESCAPE 0 0 1 | MOD 1 0 0 RIM ~ pisP. 35-45 +A 


} . 


FSAVE = Save State [ Escape 1 0 1 | MOD 1 1 0 RIM | Disp | 197-207+EA 


/ * : : 
FRSTOR = Restore State ESCAPE 10 1 | MOD 100 RM “pISP {- _ 197-207+EA 


FINCSTP = Increment Stack Rate + 


Pointer _ | SBCAPE- 6-0: 4.4] 


- ’ ‘ * . é 


FDECSTP = Decrement Stack | ESCAPE 0 0 1 3 6-12 
Pointer br t — fs as 


Table 5. 8087 Extensions to the 86/186 instructions Sets (cont.) 


Clock Count Range 


| FFREE = Free ST(i) ESCAPE 1 0 1}-4 1-0 0 0 ST@) . 9-16 
aie 3 ¥ ae, aa, : 


ESCAPE 0 0-41 7 1° 0°?" 0: 6 00 10-16 


3+ 5n* - 


jie NOTES: 
SSR Pa mod=00 then DISP= 0*, disp-low and disp-high are absent 
; _ if mod=01 then DISP=disp-low sign-extended to 16-bits, disp-high is absent 
Sq ame aay | mod=10 then DISP=disp-high; disp-low 
if mod=11 then r/m is treated as an ST(i) field 
poe ce dt m= 000 then EA=(BX) + (SI) +DISP 
-——iftr/m=001 then EA=(BX) + (DI) +DISP 
‘if r/m=010 then EA=(BP) + (SI) +DISP 
if r/m=011 then EA=(BP) + (Dl) +DISP 
if r/m=100 then EA=(SI) + DISP . 
if r/m=101 then EA=(DI) + DISP 
if r/m=110 then EA=(BP) + DISP 
if r/m=111 then EA=(BX) + DISP 


Pees ager eae *except if mod=000 and r/m=110 then EA =disp-high; disp-low. 
3. MF= Memory Format 


Te 


4" 

Oa 3 
on? 

Tae « 


YE 00—32-bit Real : y 
fs Ne bee ; 01—32-bit Integer ; 

pete ae £2 10=-64-bit Real 

Mee 11—16-bit Integer 


4. ST(0)= Current stack top 
ST(i) register below stack top 

. d= Destination 

0—Destination is ST(0) 
-1—Destination is ST(i) \ 
. P= Pop 
O—No pop 
1—PopS7(0) | 
7. R= Reverse: When d=1 reverse the sense of R 
0—Destination (op) Source 
1—Source (op) Destination 


For FSQRT: -0< ST(0) < 
For FSCALE: a” « = S70) < a 19 and ST(1) integer 
For F2XM1: - zs ST(0) < 
For FYL2x: 0 < ST(0) es 
—x < §T(1)< + 
For FYL2XP1: 0 < IST(O)I < (2 —V2)/2 
—-x < §$T(1)<< 
For FPTAN: 0 = ST(0) =7/4 
_ For FPATAN: 0 < ST(0) < ST(1) < += 
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iAPX 86/30, 88/30, 186/30, 188/30 _ ee 
iRMX 86 OPERATING SYSTEM PROCESSORS a 


= High-Performance 2-Chip Data Types: Jobs, Tasks, Segments, Pio ee 
Processors Containing Operating Mailboxes, Regions Mey =e 
System Primitives = 35 Operating System Primitives ees 
= Standard iAPX 86/1 0, 88/10 Instruction # Built-In Operating System Timers and 
Set Plus Task Management, Interrupt Interrupt Control Logic Expandable gee 
Management, Message Passing, From 8 to 57 Interrupts eee de 
o laale alarabecing oe ey = 8086/80150/80150-2/8088/80186/80188 — 
gle ek Saas ae eames: Compatible At Up To 8 MHz Without CMR anaes: 
a Fully Extendable To and Compatibie With Wait States ee 


IRMX® 86 = MULTIBUS® System Compatible Interface ae 
= Supports Five Operating System Data | eee 


The Intel iAPX 86/30 and iAPX 88/30 are two-chip microprocessors offering general-purpose CPU (8086) fs ee 
instructions combined with real-time operating system support. They provide a foundation for multiprogram- ae 
ming and multitasking applications. The iAPX 86/30 consists of an iAPX 86/10 (16-bit 8086 CPU) and an 
Operating System Firmware (OSF) component (80130). The 88/30 consists of the OSF and an iAPX 88/10 (8-bit 
8088 CPU). (80186 or 80188 CPUs may be used in place of the 8086 or 8088.) 


Both components of the 86/30 and 88/30 are implemented in N-channel, depletion-load, silicon-gate technol- 
ogy (HMOS), and are housed in 40-pin packages. The 86/30 and 88/30 provide all the functions of the iAPX 86/10, 
88/10 processors plus 35 operating system primitives, hardware support for eight interrupts, a system timer, a 
delay timer and a baud rate generator. 
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Figure 1. iAPX 86/30, 88/30 Block Diagram eB 
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Figure 2. iAPX 86/30, 88/30 Pin Configuration 


Table 1. 80130 Pin Description 


Address Data: These pins constitute the time multiplexed memory address (T;) and 
data (To, T3, Tw, T4) bus. These lines are active HIGH. The address presented during T; of 
a bus cycle will be latched internally and interpreted as an 80130 internal address if 
MEMCS or IOCS is active for the invoked primitives. The 80130 pins float whenever it is 
not chip selected, and drive these pins only during To-T4 of aread cycle andT,; of anINTA 


cycle. 


Bus High Enable: The 80130 uses the BHE signal from the processor to determine 
whether to respond with data on the upper or lower data pins, or both. The signal is active 
LOW. BHE is latched by the 80130 on the trailing edge of ALE. It controls the 80130 output 
data as shown. 


BHE Ao 
0 0 Word on ADy5-ADog 
0 1 Upper byte on AD15-ADg 
1 O Lower byte on AD7-ADg 
1 1 Upper byte on AD7-ADg 
Status: For the 80130, the status pins are used as inputs only. 80130 encoding follows: 
S2 $1 So 
0 INTA 
IORD 
IOWR 
Passive 
Instruction fetch 


MEMRD 
Passive 
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Table 1. 80130 Pin Description (Continued) 


Clock: The system clock provides the basic timing for the processor and bus controller. 


It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130 | 


uses the system clock as an input to.the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 


interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used 
to interrupt the CPU by connecting it to INTR. 


Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge- Triggered Mode), or just bya 
HIGH level on an IR input (Level-Triggered Mode). 


Acknowledge: This line is LOW whenever an 80130 resource is being accessed. It is also 
LOW during the first INTA cycle and second INTA cycle if the 80130 is supplying the 
interrupt vector information. This signal can be used as a bus ready acknowledgement 


‘and/or bus transceiver control. 


Memory Chip Select: This input must be driven LOW when a kernel primitive is being 
fetched by the CPU. AD;3-ADpo are used to select the instruction. 


Input/Output Chip Select: When this input is low, during an IORD or IOWR cycle, the 
80130’s kernel primitives are accessing the appropriate peripheral function as specified 
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by the following table: 
BHE A3 


bs 


-O-O0 K KK KK XK 


Passive 

Passive 

Passive 

interrupt Controller 
Systick Timer 
Delay Counter 
Baud Rate Timer 
Timer Control 


Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 
non-slave input or slave input Sees as beihg a local slave. 


Power: Vcc is the +5V supply pin. . 


Ground: Vss is the ground pin. 


SYSTICK 


DELAY 
BAUD 


FUNCTIONAL DESCRIPTION 


The increased performance and memory space of 
iAPX 86/10 and 88/10 microprocessors have proven 
sufficient to handle most of today’s single-task or 
single-device control applications with performance 
to spare, and have led to the increased use of these 
microprocessors to control multiple tasks or devices 
in réal-time. This trend has created a new challenge 
to designers—development of real-time, multitask- 
ing application systems and software. Examples of 
such systems include control systems that monitor 
and react to external events in real-time, multifunc- 
tion desktop and personal computers, PABX equip- 


System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is 
normally wired to IR2 to implement operating system timing interrupt. 


DELAY Timer: Output of timer 1. Reserved by Intel Corporation for future use. 
Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2. 


ment which constantly controls the telephone traffic 


in a multiphone office, file servers/disk subsystems 


controlling and coordinating multiple disks and mul- 
tiple disk users, and transaction processing systems 
such as electronics funds transfer. 


The iAPX 86/30, 88/30 Operating System 
Processors 


The Intel iAPX 86/30, 88/30 Operating System Pro- 
cessors (OSPs) were developed to help solve this 
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Figure 3. OSF Internal Block Diagram 


problem. Their goal is to simplify the design of multi- 
tasking application systems by providing a well- 
defined, fully debugged set of operating system 
primitives implemented directly in the hardware, 
thereby removing the burden of designing multitask- 
ing operating system primitives from the application 
programmer. 


Both the 86/30 and the 88/30 OSPs are two-chip sets 
consisting of a main processor, an 8086 or 8088 CPU, 
and the Intel 80130, Operating System Firmware 
component (OSF) (see Figure 1). The 80130 provides 
a set of multitasking kernel primitives, kernel control 
storage, and the additional support hardware, in- 
cluding system timers and interrupt control, re- 
quired by these primitives. From the application 
programmer's viewpoint, the OSF extends the base 
iAPX 86, 88 architecture by providing 35 operating 
system primitive instructions, and supporting five 
new system data types, making the OSF a logical and 


3-532 


easy-to-use architectural extension to iAPX 86, 88 


system designs. 


The OSP Approach 


The OSP system data types (SDTs) and primitive in- 
structions allocate, manage and share low-level pro- 
cessor resources in an efficient manner. For 
example, the OSP implements task context manage- 
ment (managing a task state image consisting of 
both hardware register set and software control in- 
formation) for either the basic 86/10 context or the 
extended 86/20 (8086+8087) numerics context. The 
OSP manages the entire task state image both while 
the task is actively executing and while it is inactive. 
Tasks can be created, put to sleep for specified peri- 
ods, suspended, executed to perform their func- 
tions, and dynamically deleted when their functions 
are complete. 


eee Ty Si = rt i aitex ig . ta Se : ~ SRS ne oe ¥ eet ots 
eee See Se fois bo sone Nat Sets : 
. pA a or 


 80130/80130-2 
iAPX 86/30, 88/30, 186/30, 188/30 


The Operating System Processors support event- 
oriented systems designs. Each event may be pro- 
cessed by an individual responding task or along 
with other closely related events in a common task. 
External events and interrupts are processed by the 
OSP interrupt handler primitives using its built-in 
interrupt controller subsystem as they occur in real- 
time. The multiple tasks and the multiple events are 
coordinated by the OSP integral scheduler whose 
preemptive, priority-based scheduling algorithm 
and system timers organize and monitor the process- 
ing of every task.to guarantee that events are pro- 
cessed as they occur in order of relative importance. 
The 86/30 also provides primitives for intertask com- 
-munication (by mailboxes) and for mutual exclusion 
(by regions), essential functions for multitasking 
applications. 


Programming Language Support 


Programs for the OSP can be written in ASM 86/88 or 
PL/M 86/88, Intel’s standard system languages for 
iAPX 86,88 systems. 


The Operating System Processor Support Package 
' (iOSP 86) provides an interface library for applica- 
tion programs written in any model of PL/M-86. This 
library also provides 80130 configuration and in- 
itialization support as well as complete user 
documentation. 


OSF PROGRAMMING INTERFACE 


The OSF provides 35 opérating system kernel 
primitives which implement multitasking, interrupt 
management, free memory management, intertask 
communication and synchronization. Table 4 shows 
each primitive, and Table 5 gives the execution per- 
formance of typical primitives. 


OSP primitives are executed by a combination of 
CPU and OSF (80130) activity. When an OSP primi- 
tive is called by an application program task, the 
iAPX CPU registers and stacks are used to perform 
the appropriate functions and relay the results to the 
application programs. 


OSP Primitive Calling Sequences 


A standard, stack-based, calling sequence is used to 
invoke the OSF primitives. Before a primitive is 
called, its operand parameters must be pushed on 
the task stack. The SI register is loaded with the 
offset of the last parameter on the stack. The entry 
code for the primitive is loaded into AX. The primitive 
invocation call is made with a CPU software interrupt 


¥ 


(Table 4). A representative ASM86 sequence for call- 
ing a primitive is shown in Figure 4. In PL/M the OSP 
programmer uses a Call to invoke the primitive. 


SAMPLE ASSEMBLY LANGUAGE PRIMITIVE CALL 


PUSH P, ;PUSH PARAMETER 1 
PUSH P, ;PUSH PARAMETER 2 


PUSH Py ;PUSH PARAMETER N 
PUSH BP ;STACK CALLING CONVENTION 
MOV BP,SP 
LEA SI,SS:NUM_BYTES__PARAM ~ 2(/BP} 
;SS:SI POINTS TO FIRST 
;PARAMETER ON STACK 


MOV AX, ENTRY CODE ;AX SETS PRIMITIVE ENTRY CODE 
INT 184 ;OSF INTERRUPT 


_ OSP PRIMITIVE INVOKED 


POP BP 
RET NUM__BYTES_PARAM__ ;POP PARAMETERS 


;CX CONTAINS EXCEPTION CODES 
;DL CONTAINS PARAMETER NUMBER 
; THAT CAUSED EXCEPTION (IF 

CX IS NON ZERO) 
:AX CONTAINS WORD RETURN VALUE 
;ES:BX CONTAINS POINTER 

RETURN VALUE 


Figure 4. ASM/86 osP Calling Convention 


OSP Functional Description 


Each major function of the OSP is described below. 
These are: . 


Job and Task Management 
interrupt Management 
Free Memory Management 
Intertask Communication 
Intertask Synchronization 
Environmental Control 


The system data types (or SDTs) supported by the 
OSP are capitalized in the description. A short 
description of each SDT appears in Table 2. 


JOB and TASK Management 


Each OSP JOB is a controlled environment in which 
the applications program executes and the OSF sys- 
tem data types reside. Each individual application 
program is normally a separate OSP JOB, whether it 
has one initial task (the minimum) or multiple tasks. 
JOBs partition the system memory into pools. Each 
memory pool provides the storage areas in which the 
OSP will allocate TASK state images and other sys- 
tem data types created by the executing TASKs, and 
free memory for TASK working space. The OSP sup- 
ports multiple executing TASKs within a JOB by 
managing the resources used by each, including the 
CPU registers, NPX registers, stacks, the system data 
types, and the available free memory space pool. 
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When a TASK is created, the OSP allocates memory 
(from the free memory of its JOB environment) for 
the TASK’s stack and data area and initializes the 
additional TASK attributes such as the TASK priority 
level and its error handler location. (As an option, the 
caller of. CREATE TASK may assign previously 
defined stack and data areas to the TASK.) Task 
priorities are integers between 0 and 255 (the lower 
the priority number the higher the scheduling 
priority of the TASK). Generally, priorities up to 128 
will be assigned to TASKs which are to process inter- 
rupts. Priorities above 128 do not cause interrupts to 
be disabled, these priorities (129 to 255) are appro- 
priate for non-interrupt TASKs. If an 8087 Numerics 
Processor Extension is used, the error recovery inter- 
rupt level assigned to it will have a higher priority 
than a TASK executing on it, so that error handling is 
performed correctly. 


EXECUTION STATUS 

A TASK has an execution status or execution state. 
The OSP provides five execution states: RUNNING, 
READY, ASLEEP, SUSPENDED, and ASLEEP- 
SUSPENDED. 


— A TASK is RUNNING if it has control of the 
processor. 


— A TASK is READY if it is not asleep, suspended, or 
asleep-suspended. For a TASK to become the run- 
ning (executing) TASK, it must be the highest 
priority TASK in the ready state. 


— A TASK is ASLEEP if it is waiting for a request to 
be granted or a timer event to occur. A TASK may 
put itself into the ASLEEP state. 


— ATASK is SUSPENDED if it is placed there by 
another TASK or if it suspends itself. A TASK may 
have multiple suspensions, the count of suspen- 
sions is managed by the OSP as the TASK suspen- 
sion depth. 


— ATASK is ASLEEP-SUSPENDED if it is both 
waiting and suspended. 


TASK attributes, the CPU register values, and the 
8087 register values (if the 8087 is configured into 
the application) are maintained by the OSP in the 
TASK state image. Each TASK will have a unique 
TASK state image. 


SCHEDULING 

The OSP schedules the processor time among the 
various TASKs on the basis of priority. A TASK has an 
execution priority relative to all other TASKs in the 
system, which the OSP maintains for each TASK in its 
TASK state image. When a TASK of higher priority 
than the executing TASK becomes ready to execute, 
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the OSP switches the control of the processor to the 
higher priority TASK. First, the OSP saves the outgo- 
ing (lower priority) TASK’s state including CPU regis- 
ter values in its TASK state image. Then, it restores 
the CPU registers from the TASK state image of the 
incoming (higher priority) TASK. Finally, it causes the 
CPU to start or resume executing the higher priority 
TASK. 


TASK scheduling is performed by the OSP. The OSP'’s 
priority-oriented preemptive scheduler determines 
which TASK executes by comparing their relative 
priorities. The scheduler insures that the highest 
priority TASK with a status of READY will execute. A 
TASK will continue to execute until an interrupt with a 
higher priority occurs, or until it requests unavailable 
resources, for which it is willing to wait, or until it 
makes specific resources available to a higher 
priority TASK waiting for those resources. 


TASKs can become READY by receiving a message, 
receiving control, receiving an interrupt, or by timing 
out. The OSP always monitors the status of all the 
TASKs (and interrupts) in the system. Preemptive 
scheduling allows the system to be responsive to the 
external environment while only devoting CPU ‘re- 
sources to TASKs with work to be performed. 


TIMED WAIT 

The OSP timer hardware facilities support timed 
waits and timeouts. Thus, in many primitives, a TASK 
can specify the length of time it is prepared to wait 
for an event to occur, for the desired resources to 
become available or for a message to be received ata 
MAILBOX. The timing interval (or System Tick) can 
be adjusted, with a lower limit of 1 millisecond. 


APPLICATION CONTROL OF TASK EXECUTION | 
Programs may alter TASK execution status and 
priority dynamically. One TASK may suspend its own 
execution or the execution of another TASK for a 
period of time, then resume its execution later. Multi- 
ple suspensions are provided. A suspended TASK 
may be suspended again. 


The eight OSP Job and TASK management primitives 
are: 


CREATE JOB Partitions system resources and 
creates a TASK execution 
environment. 

CREATE TASK Creates a TASK state image. 


Specifies the location of the 
TASK code instruction stream, 
its execution priority, and the 
other TASK attributes. 
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DELETE TASK Deletes the TASK state image, 
removes the instruction stream 
from execution and deallocates 
stack resources. Does not delete 


INTERRUPT TASKS. 


SUSPEND TASK Suspends the specified TASK or, 
if already suspended, _in- 
crements its suspension depth 
by one. Execute state is 
SUSPEND. 


RESUME TASK Decrements the TASK suspen- 
sion depth by one. If the sus- 
pension depth is then zero, 
the primitive changes the task 
execution status to READY, 
or .ASLEEP —(if ASLEEP/ 


SUSPENDED). 


SLEEP Places the requesting TASK in 
the ASLEEP state for a specified 
number of System Ticks. (The 


_ TICK interval can be configured. 


down to 1 millisecond.) 


SET PRIORITY Alters the priority of a TASK. 


Interrupt Management 


The OSP supports up to 256 interrupt levels or- 
ganized in an interrupt vector, and up to 57 external 
interrupt sources of which one is the NMI (Non- 
Maskable Interrupt). The OSP manages each inter- 
rupt level independently. The OSF INTERRUPT 
SUBSYSTEM provides two mechanisms for interrupt 
management: INTERRUPT HANDLERs and INTER- 
RUPT TASKs. INTERRUPT HANDLERs disable all 
maskable interrupts and should be used only for 
servicing interrupts that require little processing 
time. Within an INTERRUPT HANDLER only certain 
OSF Interrupt Management primitives (DISABLE, 
ENTER INTERRUPT, EXIT INTERRUPT, GET LEVEL, 
SIGNAL INTERRUPT) and basic CPU instructions 
~can be used, other OSP primitives cannot be. The 
INTERRUPT TASK approach permits ail OSP 
primitives to be issued and masks only lower priority 
interrupts. 


Work flow between an INTERRUPT HANDLER and.an 
INTERRUPT TASK assigned to the same level is 
regulated with the SIGNAL INTERRUPT and WAIT 
INTERRUPT primitives. The flow is asynchronous. 
When an INTERRUPT HANDLER signals an INTER- 


RUPT TASK, the INTERRUPT HANDLER becomes - 


immediately available to process another interrupt. 
~The number of interrupts (specified for the level) the 
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INTERRUPT HANDLER can queue for the INTER-  — — — 
RUPT TASK can be limited to the value specified in 
the SET INTERRUPT primitive. When the INTER- | 

RUPT TASK is finished processing, it issues a WAIT | 
INTERRUPT primitive, and is immediately ready to — 


process the queue of interrupts that the INTERRUPT 


HANDLER has built with repeated SIGNAL INTER- — 


RUPT primitives while the INTERRUPT TASK was 
processing. If there were no interrupts at the level, 
the queue is empty and the INTERRUPT TASK is 


SUSPENDED. See the Example (Figure 5) and Fig: ae 


ures 6 and 7. 


OSP external INTERRUPT LEVELs are directly | 
related to internal TASK scheduling priorities. The 
OSP maintains a single list of priorities including 
both tasks and INTERRUPT LEVELs. The priority of ; 
the executing TASK automatically determines which _ : 
interrupts are masked. Interrupts are managed by 


INTERRUPT LEVEL number. The OSP supports eight 


levels directly and may be extended by means of _ 


slave 8259As to a total of 57. 


The nine Interrupt Management OSP primitives are: 


DISABLE 
RUPT LEVEL. 


Enables an external INTER- 
RUPT LEVEL. 


ENABLE 


Disables an external INTER- sees 


ENTER INTERRUPT Gives an Interrupt Handler 


its own data segment, sepa- 
rate from the data segment 
of the interrupted task. : 


EXIT INTERRUPT 
RUPT” operation. Used by 
an INTERRUPT HANDLER 
which does not invoke an IN- 
TERRUPT TASK. Reenables 
interrupts, when the INTER- 
RUPT HANDLER gives up 

control. 


GET LEVEL 
number of the executing IN- 
TERRUPT HANDLER. 


Cancels the previous as- 
signment made to an 
interrupt level by SET IN- 
TERRUPT primitive request. 
lf an INTERRUPT TASK has 
been assigned, it is also 
deleted. The interrupt level 
is disabled. 


Assigns an INTERRUPT 
HANDLER to an interrupt 
level and, optionally, an IN- 
TERRUPT TASK. 


RESET INTERRUPT 


SET INTERRUPT 
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Performs an “END of INTER- : 


Returns the interrupt level — 
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/* CODE EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME-OF-DAY 


DECLARE SECONDSCOUNT BYTE, 
MINUTESCOUNT BYTE, 
HOURSS$COUNT BYTE; 


TIMESTASK: PROCEDURE; 
DECLARE TIME$EXCEPT$CODE WORD; 


ACSCYCLES$COUNT=0; 
CALL ROSSETS$INTERRUPT(ACSINTERRUPTSLEVEL, 01H), 
@AC$HANDLER,0,@TIMESEXCEPT$CODE); 
CALL ROSRESUMESTASK(INITSTASKSTOKEN,@TIMESEXCEPTSCODE); 
DO HOURSCOUNT=0 TO 23; 
DO MINUTE$COUNT=0 TO 59; 
DO SECOND$COUNT=0 TO 59; 
CALL RO$WAITSINTERRUPT(ACSINTERRUPTSLEVEL, 
@TIMESEXCEPT$CODE); 
IF SECOND$COUNT MOD 5=0 
THEN CALL PROTECTEDS$CRTSOUT(BEL); 
END; /* SECONDLOOP */ 
END; /* MINUTE LOOP */ 
END; /* HOURLOOP */ 
CALL ROSRESETSINTERRUPT(ACSINTERRUPTSLEVEL, @TIMESEXCEPTS$CODE); 
END TIMESTASK; 


/* CODE EXAMPLE B INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. */ 
DECLARE ACS$CYCLE$COUNT BYTE; 


ACS$HANDLER: PROCEDURE INTERRUPT 59; 
"DECLARE ACSEXCEPT$CODE WORD; 
ACS$CYCLESCOUNT=ACS$CYCLESCOUNT +1; 
IF AC$CYCLE$COUNT> =60 THEN DO; 
AC$CYCLES$COUNT=0; 
CALL RO$SIGNALSINTERRUPT(ACSINTERRUPTSLEVEL,@ACS$EXCEPT$CODE); 


END; 
END AC$HANDLER; 


Figure 5. OSP Examples 
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Figure 6. Interrupt Handling Flowchart 
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Figure 7. Multiple Buffer Example 


~' SIGNAL INTERRUPT Used by an INTERRUPT 
HANDLER to activate an In- 


terrupt Task. 


WAIT INTERRUPT Suspends the calling Inter- 
rupt Task until the INTER- 
RUPT HANDLER performs a 
SIGNAL INTERRUPT to in- 
voke it. If a SIGNAL INTER- 
RUPT for the task has 


occurred, it is processed. 


FREE MEMORY MANAGEMENT 


The OSP Free Memory Manager manages the > 


memory pool which is allocated to each JOB for its 
execution needs. (The CREATE JOB primitive al- 
locates the new JOB’s memory pool from the 
memory pool of the parent JOB.) The memory pool is 
part of the JOB resources but is not yet allocated 
between the tasks of the JOB. When a TASK, MAIL- 
BOX, or REGION system data type structure is 
created within that JOB, the OSP implicitly allocates 
memory for it from the JOB’s memory pool, so that a 
separate call to allocate memory is not required. OSP 
primitives that use free memory management im- 
plicitly include CREATE JOB, CREATE TASK, 
DELETE TASK, CREATE MAILBOX, DELETE MAIL- 
BOX, CREATE REGION, and DELETE REGION. The 
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CREATE SEGMENT primitive explicitly allocates a 
memory area when one is needed by the TASK. For 
example, a TASK may explicitly allocate a SEGMENT 
for use as a memory buffer. The SEGMENT length 
can be any multiple of 16 bytes between 16 bytes and 
64K bytes in length. The programmer may specify 
any number of bytes from 1 byte to 64 KB, the OSP 
will transparently round the value up to the appropri- 
ate segment size. 


The two explicit memory allocation/deallocation 
primitives are: 


CREATE SEGMENT Allocates a SEGMENT of spe- 
cified length (in 16-byte-long 
paragraphs) from the JOB 


Memory Pool. 


Deallocates the SEGMENT’s 
memory area, and returns it 
to the JOB memory pool. 


DELETE SEGMENT 


intertask Communication 


The OSP has built-in intertask synchronization and 
communication, permitting TASKs to pass and share 
information with each other. OSP MAILBOXes con- 
tain controlled handshaking facilities which guaran- — 
tee that acomplete message will always be sent from _ 
a sending TASK to a receiving TASK. Each MAILBOX | 
consists of two interlocked queues, one of TASKs 
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and the other of Messages. Four OSP primitives for 
intertask synchronization and communication are 
provided: 


CREATE MAILBOX Creates intertask message 


exchange. 


Deletes an intertask mes- 
sage exchange. 

Calling TASK receives a mes- 
sage from the MAILBOX. 


Calling TASK sends a 
message to the MAILBOX. 


DELETE MAILBOX 
RECEIVE MESSAGE 


SEND MESSAGE 


The CREATE MAILBOX primitive allocates a MAIL- 
BOX for use as an information exchange between 
TASKs. The OSP will post information at the MAIL- 
BOX in a FIFO (First-in First-Out) manner when a 
SEND MESSAGE instruction is issued. Similarily, a 
message is retrieved by the OSP if a TASK issues a 
RECEIVE MESSAGE primitive. The TASK which 
creates the MAILBOX may make it available to other 
TASKs to use. 


If no message is available, the TASK attempting to 
receive a message may choose to wait for one or 
continue executing. 


The queue management method for the task queue 
(FIFO or PRIORITY) determines which TASK in the 
MAILBOX TASK queue will receive a message from 
the MAILBOX. The method is specified in the 
CREATE MAILBOX primitive. 


Intertask Synchronization and Mutual 
Exclusion 


Mutual exclusion is essential to multiprogramming 
and multiprocessing systems. The REGION system 
data type implements mutual exclusion. A REGION is 
represented by a queue of TASKS waiting to use a 
resource which must be accessed by only one TASK 
at a time. The OSP provides primitives to use 
REGIONS to manage mutually exclusive data and 
resources. Both critical code sections and shared 
data structures can be protected by these primitives 
from simultaneous use by more than one task. 
REGIONs support both FIFO (First-In First-Out) or 
Priority queueing disciplines for the TASKS seeking 
to enter the REGION. The REGION SDT can also be 
used to implement software locks. 


Multiple REGIONSs are allowed, and are automatically 
exited in the reverse order of entry. While in a 
REGION, a TASK cannot be suspended by itself or 
any other TASK, and thereby avoids deadlock. 
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There are five OSP primitives for mutual exclusion: 
CREATE REGION Create a REGION (lock). 
SEND CONTROL Give up the REGION. 


ACCEPT CONTROL Request the REGION, but do 
not wait if it is not available. 

Request a REGION, wait if 

not immediately available. 


Delete a REGION. 


RECEIVE CONTROL 


DELETE REGION 


The OSP also provides dynamic priority adjustment 
for TASKs within priority REGIONs: If a higher- 
priority TASK issues a RECEIVE CONTROL primitive, 
while a (lower-priority) TASK has the use of the same 
REGION, the lower-priority TASK will be trans- 
parently, and temporarily, elevated to the waiting 
TASK’s priority until it relinquishes the REGION via 
SEND CONTROL. At that point, since it is no longer 
using the critical resource, the TASK will have its 
normal priority restored. 


OSP Control Facilities 


The OSP also includes system primitives that provide 
both control and customization capabilities to a mul- 
titasking system. These primitives are used to control 
the deletion of SDTs and the recovery of free memory 
in a system, to allow interrogation of operating sys- 
tem status, and to provide uniform means of adding 
user SDTs and type managers. 


DELETION CONTROL 

Deletion of each OSP system data type is explicitly 
controlled by the applications programmer by set- 
ting a deletion attribute for that structure. For exam- 
ple, if a SEGMENT is to be kept in memory until DMA 
activity is completed, its deletion attribute should be 
disabled. Each TASK, MAILBOX, REGION, and SEG- 
MENT SDT is created with its deletion attribute en- 
abled (i.e., they may be deleted). Two OSP primitives 
control the deletion attribute: ENABLE DELETIO 
and DISABLE DELETION. 


ENVIRONMENTAL CONTROL 

The OSP provides inquiry and control operations 
which help the user interrogate the application envi- 
ronment and implement flexible exception handling. 
These features aid in run-time decision making and 
in application error processing and recovery. There 
are five OSP environmental control primitives. 


OS EXTENSIONS 

The OSP architecture is defined to allow new user- 
defined System Data Types and the primitives to ma- 
nipulate them to be added to OSP capabilities 
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provided by the built-in System Data Types. The type 
managers created for the user-defined SDTs are 
called user OS extensions and are installed in the 
system by the SET OS EXTENSION primitive. Once 
installed, the functions of the type manager may be 
invoked with user primitives conforming to the OSP 
interface. For well-structured extended architec- 
tures, each OS extension should support a separate 
user-defined system data type, and every OS exten- 
sion should provide the same calling sequence and 
program interface for the user as is provided for a 
built-in SDT. The type manager for the extension 
would be written to suit the needs of the application. 
OSP interrupt vector entries (224-255) are reserved 
for user OS extensions and are not used by the OSP. 
After assigning an interrupt number to the extension, 
the extension user may then call it with the standard 
OSP call sequence (Figure 4), and the unique 
software interrupt number assigned to the 
extension. 

ENABLE DELETION _ Allows a specific SEGMENT, 
TASK, MAILBOX, or REGION 
SDT to be deleted. 


Prevents a specific SEG- 
MENT, TASK, MAILBOX, or 
REGION SDT from being 
deleted. 


DISABLE DELETION 
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GET TYPE Given a token for an in- 
stance of asystem data type, 
returns the type code. 

GET TASK TOKENS Returns to the caller infor- 


mation about the current 
task environment. 


. Returns information about 
the calling TASK’s current in- 


GET EXCEPTION 
HANDLER 


formation handler: its ad- . 


dress, and when it is used. 


Provides the address and 
usage of an exception 
handler for a TASK. 


Modifies one of the interrupt 
vector entries reserved for 
OS extensions (224-255) to 
point to a user OS extension 
procedure. 


SET EXCEPTION 
HANDLER 


SET OS EXTENSION 


SIGNAL EXCEPTION _ For use in OS extension er- 


ror processing. 


EXCEPTION HANDLING 


The OSP supports exception handlers. These are 
similar to CPU exception handlers such as OVER- 
FLOW and ILLEGAL OPERATION. Their purpose is to 
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rey 
ire 


) 


allow the OSP primitives to report parameter errors 
in primitive calls, and errors in primitive usage. Ex- 


ception handling procedures are flexible and can be 
individually programmed by the application. In gen- 
eral, an exception handler if called will perform one 
or more of the following functions: 


—Log the Error. 


—Delete/Suspend the Task that caused the — 


exception. 3 
—Ignore the error, presumably because it is not 
serious. 


An EXCEPTION HANDLER is written as a procedure. — 


If PLM/86 is used, the “compact,” “medium” or 


“large” model of computation should be specified for — 


the compilation of the program. The mode in which 


_ the EXCEPTION HANDLER operates may be speci- | 


fied in the SET EXCEPTION HANDLER primitive. The 


return information from a primitive call is shown in- 


Figure 4. CX is used to return standard system error 
conditions. Table 7 shows a list of these conditions, 
using the defau/t EXCEPTION HANDLER of the OSP. 


HARDWARE DESCRIPTION 


The 80130 operates in a closely coupled mode with 
the iAPX 86/10 or 88/10 CPU. The 80130 resides on 
the CPU local multiplexed bus (Figure 8). The main 


processor is always configured for maximum mode — 
operation. The 80130 automatically selects between — 


its 88/30 and 86/30 operating modes. 


The 80130 used in the 86/30 configuration, as shown 
in Figure 8 (or a similar 88/30 configuration), 
operates at both 5 and 8 MHz without requiring pro- 
cessor wait states. Wait state memories are fully sup- 
ported, however. The 80130 may be configured with 
both an 8087 NPX and an 8089 IOP, and provides 
full context control over the 8087. 


The 80130 (shown in Figure 3) is internally divided 
into a control unit (CU) and operating system unit 
(OSU). The OSU contains facilities for OSP kernel 
support including the system timers for scheduling 
and timing waits, and the interrupt controller for 
interrupt management support. 


iAPX 86/30, iAPX 88/30 System 
Configuration 


The 80130 is both I/O and memory mapped to the 


local CPU bus. The CPU’s status S0/-S2/ is 


decoded along with lOCS/ (with BHE and AD3- 
ADo) or MEMCS/ (with AD,3-ADo). The pins are 
internally latched. See Table 1 for the decoding of 
these lines. 
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Address lines A;g-A;4 can be used to form MEMCS/ 
since the 80130’s memory-mapped portion is aligned 
along a 16K-byte boundry. The 80130 can reside on 
any 16K-byte boundry excluding the highest 
(FCOOOH-FFFFFH) and lowest (O0000H-003FFH). The 
80130 control store code is position-independent ex- 
cept as limited above, in order to make it compatible 
with many decoding logic designs. AD;3-ADpo are 
~ decoded by the 80130’s kernel control store. 


1/O Mapping 


The I/O-mapped portion of the 80130 must be aligned 
along a 16-byte boundry. Address lines A;s5-A4 
_ should be used to form IOCS/. 


System Performance 


The approximate performance of representitive OSP 
primitives is given in Table 5. These times are shown 
for a typical iAPX 86/30 implementation with an 8 
MHz clock. These execution times are very compara- 
ble to the execution times of similar functions in 
minicomputers (where available) and are an order of 
magnitude faster than previous generation 
microprocessors. 


Initialization 


Both application system initialization and OSP- 
specific initialization/configuration are required to 
use the OSP. Configuration is based on a “database” 
provided by the user to the iOSP 86 support package. 
The OSP-specific initialization and configuration in- 
formation area is assigned to a user memory address 
adjacent to the 80130’s memory-mapped location. 
(See Application Note 130 for further details.) The 
configuration data defines whether 8087 support is 
configured in the system, specifies if slave 8259A 
interrupt controllers are used in addition to the 
80130, and sets the operating system time base (Tick 
Interval). Also located in the configuration area are 
the exception handler control parameters, the ad- 
dress location of the (separate) application system 
configuration area and the OSP extensions in use. 
The OSP application system configuration area may 
be located anywhere in the user memory and must 
include the starting address of the application in- 
struction code to be executed, plus the locations of 
the RAM memory blocks to be managed by the OSP 
free memory manager. Complete application system 


support and the required 80130 configuration sup- 


port are provided by the iAPX 86/30 and iAPX 88/30 
OPERATING SYSTEM PROCESSOR SUPPORT 
PACKAGE (iOSP 86). 
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The OSP manages its own interrupt vector, which is 
assigned to low RAM memory. Working RAM storage 
is required as stack space and data area. The 
memory space must be allocated in user RAM. 


OSP interrupt vector memory locations OH-3FFH 
must be RAM based. The OSP requires 2 bytes of 
allocated RAM. The processor working storage is 
dynamically allocated from free memory. Approxi- 
mately 300 bytes of stack should be allocated for 
each OSP task. 


TYPICAL SYSTEM CONFIGURATION 


Figure 8 shows the processing cluster of a “typical” 
iAPX 86/30 or iAPX 88/30 OSP system. Not shown are 
subsystems likely to vary with the application. The 
configuration includes an 8086 (or 8088) operating in 
maximum mode, an 8284A clock generator and an 
8288 system controller. Note that the 80130 is located 
on the CPU side of any latches or transceivers. See 
Intel Application Note 130 for further details on 
configuration. 


OSP Timers 


The OSP Timers are connected to the lower half of 
the data bus and are addressed at even addresses. 
The timers are read as two successive bytes, always 
LSB followed by MSB. The MSB is always latched on 
a read operation and remains latched until read. 
Timers are not gatable. 


Baud Rate Generator 


The baud rate generator is 8254 compatible (square 
wave mode 3). Its output, BAUD, is initially high and 
remains high until the Count Register is loaded. The 
first falling edge of the clock after the Count Register 
is loaded causes the transfer of the internal counter 
to the Count Register. The output stays high for N/2 
[(N+1)/2 if N is odd] and then goes low for N/2 
[(N—1)/2 if N is odd]. On the falling edge of the clock 
which signifies the final count for the output in low 
state, the output returns to high state and the Count 
Register is transferred to the internal counter. The 
whole process is then repeated. Baud Rates are 
shown in Table 6. 


The baud rate generator is located at OCH (12), rela- 
tive to the 16-byte boundary in the I/O space in which 
the 80130 component is located (“OSF” in the follow- 
ing example), the timer control word is located at 
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SYSTICK IR2 


‘ Figure 8. Typical OSP Configuration 


relative address, OEH(14). Timers are addressed with 
lOCS=0. Timers 0 and 1 are assigned to the use by 
the OSP, and should not be altered by the user. 


For most baud-rate generator applications, the com- 
mand byte 


OB6H Read/Write Baud-Rate Delay Value 


will be used. A typical sequence to set a baud rate 
of 9600 using a count value of 52 follows (see 
Table 6): 


;Prepare to Write Delay to 


MOV AX,.0OB6H 

Timer 3. 
OUT OSF+14,AX_ ;Control Word. 
MOV AX, 52 
OUT OSF+12,AL ;LSB written first 
XCHG AL,AH 


OUT OSF+12,AL ;MSB written after. 


_ The 80130 timers are subset compatible with 8254 
timers. | 
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INTERRUPT REQUESTS 


Interrupt Controller 


The Programmable Interrupt Controller (PIC), is also — 


an integral unit of the 80130. Its eight input pins 
handle eight vectored priority interrupts. One of 
these pins must be used for the SYSTICK time func- 
tion in timing waits, using an external connection as 
shown. During the 80130 initialization and configura- 
tion sequence, each 80130 interrupt pin is individu- 
ally programmed as either level or edge sensitive. 
External slave 8259A interrupt controllers can be 
used to expand the total number of OSP external 
interrupts to 57. 


In addition to standard PIC funtions, 80130 PIC unit 
has an LIR output signal, which when low indicates 
an interrupt acknowledge cycle. LIR=0 is provided to 
control the 8289 Bus Arbiter SYSB/RESB pin. This 
will avoid the need of requesting the system bus to 


pe gh te 
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persis cms 
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acknowledge locai bus non-slave interrupts. The © 
user defines the interrupt system as part of the — 


configuration. 
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INTERRUPT SEQUENCE 
The OSP interrupt sequence is as follows: 


1. One or more of the interrupts is set by a low-to- 
high transition on edge-sensitive IR inputs or by a 
high input on level-sensitive IR inputs. 


2. The 80130 evaluates these requests, and sends an 
INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is en- 
coded in So-So. 


4. Upon receiving the first interrupt acknowledge 

from the CPU, the highest-priority interrupt is set 
by the 80130 and the corresponding edge detect 
latch is reset. The 80130 does not drive the ad- 
dress/data bus during this bus cycle but does 
acknowledge the cycle by making ACK=0 and 
sending the LIR value for the IR input being 
acknowledged. 


5. The CPU will then initiate a second interrupt ac- 


knowledge cycle. During this cycle, the 80130 will 
supply the cascade address of the interrupting 
input at T; on the bus and also release an 8-bit 
pointer onto the bus if appropriate, where it is 
read by the CPU. If the 80130 does supply the 
pointer, then ACK will be low for the cycle. This 
cycle also has the value LIR for the IR input being 
acknowledged. 


6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTERRUPT 
primitive (EO! command) is called at the end of 
the Interrupt Handler. 


OSP APPLICATION EXAMPLE 


Figure 5 shows an application of the OSP primitives 
to keep track of time of day in a simplified example. 
The system design uses a 60 Hz A.C. signal as a time 
base. The power supply provides a TTL-compatible 
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signal which drives one of 80130 edge-triggered in- 
terrupt request pins once each A.C. cycle. The Inter- 
rupt Handler responds to the interrupts, keeping 
track of one second’s A.C. cycles. The Interrupt Task 
counts the seconds and after a day deletes itself. In 
typical systems it might perform a data logging oper- 
ation once each day. The Interrupt Handler and Inter- 
rupt Task are written as separate modular programs. 


The Interrupt Handler will actually service interrupt 
59 when it occurs. It simply counts each interrupt, 
and at a count of 60 performs a SIGNAL INTERRUPT 
to notify the Interrupt Task that a second has elapsed. 
The Interrupt Handler (ACS HANDLER) was assigned 
to this level by the SET INTERRUPT primitive. After 
doing this, the Interrupt Task performed the Primitive 
RESUME TASK to resume the application task (INITS 
TASKS TOKEN). 


The main body of the task is the counting loop. The 
Interrupt Task is signaled by the SIGNAL INTERRUPT 
primitive in the Interrupt Handler (at interrupt level 
ACS INTERRUPTS LEVEL). When the task is sig- 
nalled by the Interrupt Handler it will execute the 
loop exactly one time, increasing the time count 
variables. Then it will execute the WAIT INTERRUPT 
primitive, and wait until awakened by the Interrupt 
Handler. Normally, the task will now wait some period 
of time for the next signal. However, since the inter- 
face between the Handler and the Task is asyn- 
chronous, the handler may have already queued the 
interrupt for servicing, the writer of the task does not 
have to worry about this possibility. 


At the end of the day, the task will exit the loop and 
execute RESET INTERRUPT, which disables the in- 
terrupt level, and deletes the interrupt task. The OSP 
now reclaims the memory used by the Task and 
schedules another task. If an exception occurs, the 
coded value for the exception is available in TIMES 
EXCEPTS CODE after the execution of the primitive. 


A typical PL/M-86 calling sequence is illustrated by 
the call to RESET INTERRUPT shown in Figure 5. 
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Table 2. OSP paemeee Type Summary 


Jobs are the means of organizing the program environment and resources. An applications consists of | 
oneor more jobs. Each iAPX 86/30 system data type is contained in some job. Jobs are independent of 
each other, but they may share access to resources. Each job has one or more tasks, one of whichis an — 
initial task. Jobs are given pools of memory, and they may create subordinate offspring jOR6) whe: 
may borrow memory from their parents. - 


Tasks are the means by which computations are accomplished. A task is an instruction stream with its 

own execution stack and private data. Each task is part of a job and is restricted to the resources | 
provided by its job. Tasks may perform general interrupt handling as well as other computational | _ 
functions. Each task has a set of attributes, which is maintained for it by the iAPX cae. which 
characterize its status. These attributes are: 


its containing job 

its register context 

its priority (0-255) 

its execution state (asleep, suspended, ready, running, asleep/suspended). 
its suspension depth 

its user-selected exception handler 

its optional 8087 extended task state 


Segment Segments are the units of memory allocation. A segment is a physically contiguous sequence ot. 
16-byte, 8086 paragraph-length, units. Segments are created dynamically from the free memory | 
space ofa Job as one of its Tasks requests memory for its use. A segment is deleted when it is no longer 
needed. The iAPX 86/30 maintains and manages free memory in an orderly fashion, itobtains memory | 
space from the pool assigned to the containing job of the requesting task and returns the space to the _ 
job memory pool (or the parent job pool) when it is no longer needed. It does not allocate memory to 
create a segment if sufficient free memory is not available to it, in that case it returns an error ; 
exception code. 


Mailboxes are the means of intertask communication. Mailboxes are used by tasks to sare. and 
receive message segments. The iAPX 86/30 creates and manages two queues for each mailbox. One | 
of these queues contains message segments sent to the mailbox but not yet received by any task. The | 
other mailbox queue consists of tasks that are waiting to receive messages. The iAPX 86/30 operation 
assures that waiting tasks receive messages as soon as messages are available. Thus at any moment | 
one or possibly both of two mailbox queues will be empty. 


Regions are the means of serialization and mutual exclusion. Regions are familiar as “critical code 
regions.” The iAPX 86/30 region data type consists of a queue of tasks. Each task waits to execute in 
mutually exclusive code or to access a shared data region, for example to update a file record. 


Tokens The OSP interface makes use of a 16-bit TOKEN data type to identify individual OSF data structures. | 
Each of these (each instance) has its own unique TOKEN. When a primitive is called, it is passed the | 
TOKENSs of the data structures on which it will operate. at 
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PRELIMINARY 


Tasks 
Memory Pool 
S.D.T. Directory 


Exception Handler 


Table 3. System Data Type Codes and Attributes 
Mailboxes Queue of S.D.T.s 
(generally segments) 

Queue of Tasks 

waiting for S.D.T.s 


Region Queue of Tasks 
waiting for mutually 
exclusive code or 
data 

Segments Buffer 
Length 


Table 4. OSP Primitives 


Parameters 


Clas Interrupt Entry Code 
‘ Bae Number in AX _____ On Caller’s Stack 


CREATE TASK 


ExcptPtr 


DISABLE 

ENABLE 

ENTER INTERRUPT 
EXIT INTERRUPT 
GET LEVEL 

RESET INTERRUPT 
SET INTERRUPT 


ExcptPtr 


SIGNAL INTERRUPT 
WAIT INTERRUPT 


CREATE SEGMENT 
DELETE SEGMENT 


pareene Saas ee 
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Level, ExcptPtr 
Level #, ExcptPtr 

Level #, ExcptPtr 

Level #,ExcptPtr 

Level #, ExcptPtr 

Level #, ExcptPtr 

Level, Interrupt Task Flag Interrupt 
Handler Ptr, Interrupt Handler DataSeg 


Level, ExcptPtr 
Level, ExcptPtr 


Size, ExcptPtr 
| SEGMENT, ExceptPtr 


*See 80130 User Manual 


Priority, IP Ptr, Data Segment, Stack 
Seg, Stack Size Task Information, 


DELETE TASK TASK, ExcptPtr 
SUSPEND TASK TASK, ExcptPtr 
RESUME TASK TASK, ExcptPtr 

SET PRIORITY TASK, Priority, ExcptPtr 
SLEEP Time Limit,ExcptPtr 
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OsP 
Class Primitive 
a CREATE MAILBOX 
| DELETE MAILBOX 
‘ RECEIVE MESSAGE 
, SEND MESSAGE 
x 


ACCEPT CONTROL 
CREATE REGION 

DELETE REGION | 
RECEIVE CONTROL 
SEND CONTROL 


DISABLE DELETION 

ENABLE DELETION 

GET EXCEPTION 
HANDLER 

GET TYPE 

GET TASK TOKENS 

SET EXCEPTION 
HANDLER ~ 

SET OS EXTENSION 

SIGNAL 

EXCEPTION 


Craze 202 -—a2m 


NOTES: 


All diated are pushed onto the OSP stack. Each parameter is one word. See Figure 3 for Call Sequence. 
Expianation of the Symbols 


JOB 

TASK 
REGION 
MAILBOX 
SEGMENT 
TOKEN 


Level 

ExcptPtr 
. Message 

Ptr 

Seg 


“Table 4. OSP Primitives (Continued) _ 


Interrupt Entry Code ops - Parameters rs eee, 
Number in AX . On Caller’s Stack — 


Mailbox flags, ExcptPtr eaer 
MAILBOX, ExcptPtr 4 
_ MAILBOX, Time Limit ResponsePt, id ae 
ExcptPtr : pee Se 
MAILBOX, Message Response, Expt 


REGION, ExcptPtr — Be ee 
Region Flags, ExcptPtr 


REGION, ExcptPtr eae ee 
REGION, ExcptPtr Soret Se 


ExcptPtr i See 


TOKEN, ExcptPtr SEM es TS 
TOKEN,ExcptPtr = ae ee 


PtrExcptPtr — at ae 
TOKEN, ExcptPtr at 
Request, ExcptPtr 


a 


Ptr, ExcptPtr — Je SSE 
Code,instPtr, ExcptPtr’: i). sie s% Real 


Exception Code, Parameter Number, “ie 
StackPtr,0,0,ExcptPtr . ea 


OSP JOB SDT Token , Fea 
OSP TASK SDT Token | | pts cee 
-OSP REGION SDT Token © } yo es 
OSP MAILBOX SDT Token ee 
OSP SEGMENT SDT Token oy be ts 
Any SDT Token PS ase 


Interrupt Level Number 

Pointer to Exception Code 

Message Token 

Pointer to Code,Stack etc. Address 

Value Loaded into appropriate Segment Register — 
Value Parameter. 


Primitive Execution Speed" 
(microseconds) 


CREATEJOB. ) 2950 _ 


x — TASK CREATE TASK (no preemption) 1360 
“> SEGMENT | CREATE SEGMENT f 700 
MAILBOX SEND MESSAGE (with task switch) : —» 475 

Los a SEND MESSAGE (no task switch) 265 

RECEIVE MESSAGE (task waiting) 540 

. RECEIVE MESSAGE (message waiting) 260 


_ REGION SEND CONTROL | 170 


- RECEIVE CONTROL 


Table 6. Baud Rate Count Values (16X) 


“BMHzCount | 5 MHz Count 
Value Value 
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Exception Code Value = 1 S sf 
the specified time limit expired before completion of the operations was possible at et 
Exception Code Value = 2 a 
insufficient nucleus memory is available to satisfy the request — : a 
Exception Code Value = 3 
specified region is currently busy iy 
Exception Code Value = 4 % 
attempted violation of a job, semaphore, or system limit . 
Exception Code Value = 5 : aie i a 
the primitive was called in an illegal context (e.g., call to enable for an already enabled pape he 
i ie 
Exception Code Value = 6 ; | . i. | pee 
a token argument does not currently refer to any object; note that the object could have | = ‘ 
been deleted at any time by its owner tose 
io 
: f 
ESINTERRUPT$SATURATION | Exception Code Value = 9 | 
The interrupt task on the requested level has reached its user specified saturation point | 
for interrupt service requests. No further interrupts will be allowed on the level until the - 
interrupt task executes a WAIT$INTERRUPT. (This error is only returned, in line, to 
interrupt handlers.) 
ESINTERRUPT$OVERFLOW | Exception Code Value = 10 
The interrupt task on the requested level previously reached its saturation point and 
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an “ys 
ENABLE allowing further interrupts to come in and has received another SIG- : 
NALSINTERRUPTcall, bringing it over its specified saturation point for interrupt service 
requests. (This error is only returned, in line, to interrupt handlers). Eyer? 
Table 7b. Mnemonic Codes for Avoidable Exceptions 
Exception. Code Value = 8000H ie. Aras 
divide by zero interrupt occurred pe 
Exception Code Value = 8001H | Bra are 
overflow interrupt occurred aN 
ESTYPE Exception Code Value = 8002H 
a token argument referred to an object tha was not of required type ae 
ESBOUNDS Exception Code Value = 8003H ee 
an offset argument is out of segment bounds a 


Exception Code Value = 8004H 

a (non-token,non-offset) argument has an illegal value 

Exception Code Value = 8005H 
an entry code for which there is no corresponding primitive was passed 


Exception Code Value = 8007H ' ce Ee, $ 
an 8087 (Numeric data Processor) error has been detected; (the 8087 status information 5 | 
is contained in a parameter to the exception handler) 
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ABSOLUTE MAXIMUM RATINGS* 


- Ambient Temperature Under Bins ......... 0°C to 70°C 
Storage Temperature ................. —65°C to 150°C 
Voltage on Any Pin With 
Respect to Ground... . oc. ee ces -—1.0V to +7V 
POWOr-Dissipation® ..65 oid saydi we oe tes 1.0 Watts 


“NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 


D.C. CHARACTERISTICS (1, =0°C to 70°C, Vog = 4.5 to 5.5V) 


[Symbol [Parameter 
Vi Input Low Voltage 
Vin Input High Voltage 
VoL Output Low Voltage 


Output High Voltage 
Power Supply Current 
Input Leakage Current 
IR Input Load Current 


Vou 


Output Leakage Current 
Clock Input Low 

Clock Input High 

Input Capacitance 

\1/O Capacitance 

Clock Input Leakage Current 


Parameter Min 
CLK Cycle Period 
CLK Low Time 


CLK High Time 

Status Active Setup Time 
Status Inactive Hold Time 
Status Inactive Setup Time 
Status Active Hold Time 
Address Valid Setup Time 
Address Hold Time 

Chip Select Setup Time 
Chip Select Hold Time 
Write Data Setup Time 
Write Data Hold Time 

IR Low Time 

Torpy Read Data Valid Delay 


Read Data Hold Time 
Read Data to Floating 
Cascade Address Delay Time 


ToHCL 
TsvcH 


TyusH 


ee ee 
10 yA Vin = Voc 
—300 uA Vin = 0 


pee oo 30 80130-2 
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Test Conditions 
lou = —400nA 
mA ‘ Ta = 25 C 


0 < Vin < Voc 


45 = Vin a Voc 


Test Conditions 


C, = 200 pE 
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A.C. CHARACTERISTICS (Continued) 


| Symbol 
Cascade Addresse Hold Time 
ie 


WAVEFORMS 


SYSTICK. 
DELAY. BAUD 


we — <a eh 
“@ t 4 
yt eS 


or 


oe WAVEFORMS 


MEMCS, iOCS 
R TCHDH 
yt WRITE CYCLE 
= np ho 4 : 
} Speke AS ADDRESS VALID 1 ree WRITE DATAVALID~ | 
AU 1s-AUo 


ACK 


READ CYCLE ; -_|TCHEH 


Sar vv FLOAT 
4 ADDRESS VALID 
Ae TSACK 


-2ND INTA CYCLE TCLCF 


TCLCA 


FLOAT” 
AD,s-AD5 Co @) CASCADE ADDRESS { POINTER @ 


TIAVE ‘ 


gaged 
CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CASO, CAS1 
AND CAS2 RESPECTIVELY. AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES. ADO-AD7 
ARE TRISTATE. 
POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT. 
ACTIVE LOW ONLY WHEN POINTER DATA IS BE!NG SUPPLIED BY THE 80150. 
LOW ONLY FOR LOCAL INTERRUPT. 


Dee Tut SO Sate ee ne So aS, pe ero aa Winky AS i eee ede ee 
: iwi aie ee “he ae PIN foes ms te ing I Pare ee Pee yah at Cmaps 5-6 
wet de SHRI ete se = = x > : 


Bas Bea ass S504)! eee pms eee Pte ae 
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iAPX 86/50, 88/50, 186/50, 188/50 le 
CP/M-86* OPERATING SYSTEM PROCESSORS 


a High-Performance Two-Chip Data « Memory Disk Makes Possible Diskless 
Processors Containing the Complete CP/M-86 Systems 
CP/M-86 Operating System 


a Standard On-Chip BIOS (Basic 
Input/Output System) Contains Drivers 
for 8272A, 8274, 8255A, 8251A 


= No License or Serialization Required 


a Built-in Operating System Timers and 
Interrupt Controller 


| = 8086/80150/80150-2/8088/80186/801 
a BIOS Extensible with User-Supplied Compatible At Up To 8 MHz til s 
Peripheral Drivers Wait States 


= User Intervention Points Allow Addition 
of New System Commands 


The Intel iAPX 86/50, 88/50, 186/50, and 188/50 are two-chip microprocessors offering general-purpose 
CPU instructions combined with the CP/M-86 operating system. Respectively, they consist of the 8- and 
16-bit software compatible 8086, 8088, 80186, and 80188 CPU plus the 80150 CP/M-86 operating system 
extension. . ; ; 

CP/M-86 is a single-user operating system designed for computers based on the Intel iAPX 86, 88, 186, 
and 188 microprocessors. The system allows full utilization of the one megabyte of memory available for 
application programs. The 80150 stores CP/M-86 in its 16K bytes of on-chip memory. The 80150 will run 
third-party applications software written to run under standard Digital Research CP/M-86. 

The 80150 is implemented in N-Channel, depletion-load, silicon-gate technology (HMOS), and is housed 
in a 40-pin package. Included on the 80150 are the CP/M-86 operating system, Version 1.1, plus hardware 
support for eight interrupts, a system timer, a delay timer, and a baud rate generator. 


*CP/M-86 is a trademark of Digital Research, Inc. 
PROGRAM DATA exc 
MEMORY MEMORY : ; , 


INTERFACE 


INTERRUPT — STATUS | | 
/ 
INTERRUPT PERIPHERAL 
__. REQUESTS 


INTERRUPT STATUS 


ACKNOWLEDGE 


eee ree: 


BAUD RATE DELAY SYSTEM iAPX 86/50, 88/50 
TIMER TIMER TIMER 


Figure 1. iAPX 86/50, 88/50 Block Diagram 


The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: BXP, CREDIT, i, ICE, iCS, im, Insite, Intel, INTEL, Intelevision, Intellink, 
Intellec, iMMX, iOSP. iPDS, iRMX, iSBC, iSBX, Library Manager, MCS, MULTIMODULE, Megachassis, Micromainframe, MULTIBUS, Multichannel, Plug-A-Bubble, PROMPT, Promware, 
RUPI, RMX/80, System 2000, UPI, and the combination of iCS, iIRMX, iSBC, iSBX, ICE, IZICE, MCS, or UPI and anumerical suffix. Intel Corporation Assumes No Responsibility for the use 
of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Patent Licenses are implied. ©INTEL CORPORATION, 1982. SEPTEMBER 1982 
ORDER NUMBER: 210705-002— 
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‘y MAX MAX 
dae : MODE MODE 
aad 8086 8088 
Vss[] 1 40] | Voc Vss[ | 1 401 | Vcc 
ADI4| |2 39] | ao1s ap14| | 2 39] | aD15 
aoi3[ | 3 38] | BHE api3| | 3 38] | A16/S3 
apdiz[ ]4 37] | 1R7 AD12| |4 37] _| api7se 
aol |5 36] | 1R6 ap11[_]5 36 |_| ataiss 
avio[ |6 35] | irs AD10| | 6 35] | a1g/s6 
aps[ |7 34] | ira avg| | 7 34 | BHE/S7 (HIGH) 
avs [| 8 33] | 1R3 aps| | 8 33 |_| MN/MX 
Ao7[_ | 9 32] | 1R2 ao7[{ |9 32} | AD 
Adé6| | 10 31} | 1R1 AD6| | 10 31| | Ra/GTO 
aos [| 11 30] ] 10 aos{ | 11 30] | RQ/GTI 
AD4[ ] 12 29] ] INT apa[ | 12 29] | (0cK 
ao3[ | 13 2e{ | sa ao3| | 13 28| | §2 
Ao2 [| 14 27{ | Si AD2| | 14 27) | Si 
ADI] | 15 26| | SO AD1| | 15 26] | 56 
avo| | 16 25[ | ACK » ado | 16 25| } aso 
MEMCS | | 17 ' 24{ | LR NMI} | 17 241 | asi 
: tocs{ | 18 23] | SYSTICK INTR| | 18 23] | TEST 
a CLK [] 19 22{ | veLay eix [ | 19 22|_| READY 
Vss[~ ] 20 21] | Bauo ; Vss |] 20 21] | RESET 
Figure 2. iAPX 86/50, 88/50 Pin Configuration 
Table 1. 80150 Pin Description 
AD15-ADo Address Data: These pins constitute the time multiplexed memory address (T1) and 
data (To, T3, Tw, T4) bus. These lines are active HIGH. The address presented during 
T; of a bus cycle will be latched internally and interpreted as an 80150 internal 
address if MEMCS or IOCS is active for the invoked primitives. The 80150 pins float 
whenever it is not chip selected, and drive these pins only during Tz — Ty, of a read 
cycle and T; of an INTA cycle. 
Bus High Enable: The 80150 uses the BHE signal from the processor to determine 
whether to respond with data on the upper or lower data pins, or both. The signal is 
active LOW. BHE is latched by the 80150 on the trailing edge of ALE. It controls the 
80150 output data as shown. 
BHE Ao 
0 0 Word on AD;5-ADo 
0 1 Upper byte on ADy5 — ADg 
1 0 Lower byte on AD7-ADo 
1 1 Upper byte on AD7-ADo 
Status: For the 80150, the status pins are used as inputs only. 80150 encoding follows: 
INTA 
lIORD 
IOWR 
Passive 
i Ns Instruction fetch 
eeape MEMRD 


Passive 
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Table 1. 80150 Pin Description (Continued) 


fied by the following table: 


BHE A3 Ap Ay 
oa elo 
es ee 
: ee ies a 
1 6G: epi 
1 1 BOD 
1 Gb 
1 Ae Rr 
1 ee eae 


Ma fee Ree 
Mea 


' BAUD 


The 80150 breaks new ground in operating system 
software-on-silicon components. It is unique 
because it is the first time that an industry- 
standard personal/small business computer 
operating system is being put in silicon. The 
80150 contains Digital Research's CP/M-86 
operating system, which is designed for Intel’s 
line of software- and interface-compatible iAPX 
86, 88, 186, and 188 microprocessors. Since the 
entire CP/M-86 operating system is contained on 
the chip, it is now possible to design a diskless 
computer that runs proven and commonly 
available applications software. The 80150 is a 


Clock: The system clock provides the basic timing for the processor and bus controller. 
It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 


Interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used 
to interrupt the CPU by connecting it to INTR. 


Interrupt Requests: An.interrupt request can be generated by raising an IR input (LOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode), or just by a 
HIGH level on an IR input (Level-Triggered Mode). 


Acknowledge: This line is LOW whenever an 80150 resource is being accessed. It is 
also LOW during the first INTA cycle and second INTA cycle if the 80150 is supplying 
the interrupt vector information. This signal can be used as a bus ready acknowl- 
edgement and/or bus transceiver control. 


Memory Chip Select: This input must be driven LOW when a kernel primitive is being 
fetched by the CPU. AD;3-ADpo are used to select the instruction. 


Input/Output Chip Select: When this input is low, during an |ORD or IOWR cycle, the 
80150’s kernel primitives are accessing the appropriate peripheral function as speci- 


Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 
non-slave input or slave input programmed as being a local slave. 


“ee aes Power: Vcc is the +5V supply pin. 
Ground: Vss is the ground pin. 


System Clock Tick: Timer 0 Output. 


DELAY | DELAY Timer: Output of timer 1. 


rae Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80150 Timer 2. 
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Name and Function 


Passive 
Passive 
Passive 
Interrupt Controller 
Systick Timer 
Delay Counter 
Baud Rate Timer 
Timer Control 


true operating system extension to. the host. 


microprocessor, since it also integrates key 
operating system-related peripheral functions 
onto the chip. 


MODULAR DESIGN 


Based ona proven, modular design, the system in- 
cludes the: 


e CCP: Console Command Processor 
The CCP is the human interface to the 
operating system and performs decoding and 
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execution of user commands. 
e BDOS: Basic Disk Operating System 


The BDOS is the logical, invariant portion of the 
operating system; it supports a named file 
system with a maximum of 16 logical drives, 
containing up to 8 megabytes each for a poten- 
tial of 128 megabytes of on-line storage. 


e BIOS: Basic Input/Output System 


The physical, variant portion of the operating 
system, the BIOS contains the system- 
dependent input/output device handlers. 


CP/M* COMPATIBILITY 


CP/M-86 files are completely compatible with 
CP/M for 8080- and 8085-based microcomputer 
systems. This simplifies the conversion of soft- 
ware developed under CP/M to take full advantage 
_ of iAPX 86, 88, 186, 188-based systems. 


The user will notice no significant difference be- 
tween CP/M and CP/M-86. Commands such as 
DIR, TYPE, REN, and ERA respond the same way 
in both systems. 


CP/M-86 uses the iAPX 86, 88, 186, 188 registers 
corresponding to 8080 registers for system call 
and return parameters to further sirnplify software 
transport. The 80150 allows application code and 
data segments to overlap, making the mixture of 
_ code and data that often appears in CP/M applica- 
tions acceptable to the iAPX 86, 88, 186, 188. 


Unique Capabilities of CP/M-86 in Silicon 


1. CP/M-86 on-a-chip reduces software develop- 


ment required by the system designer. It can . 


change the implementation of the operating 
system into the simple inclusion of the 80150 
on the CPU board. 


As described later, the designer can either 
simply incorporate the Intel chip without the 
reed for writing even a single line of additional 
code, or he can add additional device drivers by 
writing only the small amount of additional 
code required. | 


2. The 80150 is the most cost-effective way to im- 
plement CP/M-86 in a microcomputer. The in- 
tegration of CP/M-86 with the 16K bytes of 
system memory it requires, the two boot ROMS 
required in a diskette-based CP/M-86, and the 
on-chip peripherals (interrupt controller and 
timers) lead to savings in software, parts cost, 
board space, and interconnect wiring. 


3. The reliability of the microcomputer is  in- 
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creased significantly. Since CP/M-86 is now 
always in the system as a standard hardware 
operating system, a properly functioning 
system diskette is not required. CP/M-86 in 
hardware can no longer be overwritten acciden- 
tally by a runaway program. System reliability 
is enhanced by the decreased dependence on 
floppy disks and fewer chips and interconnec- 
tions required by the highly integrated 80150. 


4. The microcomputer system boots up CP/M-86 
On power-on, rather than requiring the user to 
go through a complicated boot sequence, thus 
lowering the user expertise required. 


5. Diskless CP/M-based systems are now easy to 
design. Since CP/M is already in the microcom- 
puter hardware, there is no need for a disk drive 
in the system if it is not desired. Without a disk 
drive, a system is more portable, simpler to use, 
less costly, and more reliable. 


_6. The. administrative costs associated with 


distributing CP/M-86 are eliminated. Since 


ke ak ey he ne ov, , ee gape Cha ipa. a 
sae rogue Se a 
a pares, 


CP/M-86 is now resident on the 80150 in-the | 


microcomputer system, there is no end-user 
licensing required nor is there any serialization 
requirement for the 80150 (because no CP/M 
diskette is used). 


7. End-users will value having their CP/M 
operating system resident in their computer 
rather than on a diskette. They will no longer 
have to back up the operating system or have a 
diskette working properly to bring the system 
up in CP/M, increasing their confidence in the 
integrity, reliability, and usability of the system. 


80150 FUNCTIONAL DESCRIPTION 


The 80150 is a processor extension that is fully 
compatible with the 8086, 8088, 80186, and 80188 
microprocessors. When the 80150 is combined 
with the microprocessor, the two-chip set is 
called an Operating System Processor.and is 
denoted as the iAPX 86/50, 88/50, 186/50, or 188/50. 
The basic system configuration is shown in 
Figure 1. The 80150 connects directly to the multi- 
plexed address/data bus and runs up to 8 MHz 
without wait states. 


A. Hardware. Figure 3 is a functional diagram of 
the 80150 itself. CP/M-86 is stored-in the 
16K-bytes of control store. The timers are com- 
patible with the standard 8254 timer. The inter- 
rupt controller, with its eight programmable in- 
terrupt inputs and one interrupt output, is 
compatible with the 8259A Programmable In- 
terrupt Controller. External slave 8259A inter- 


“CPIM is a registered trademark of Digital Research, Inc. 
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Figure 3. 80150 Internal Block Diagram 


rupt controllers can be cascaded with the 
80150 to expand the total number of interrupts 
tO.5f. 


Software. Digital Research’s version 1.1 of 
CP/M-86 forms the basis of the 80150. CP/M 
consists of three major parts: the Console 
Command Processor (CCP), the Basic Disk 
Operating System (BDOS), and the Basic In- 
put/Output System (BIOS). Details on CP/M-86 
are provided in Digital Research’s CP/M-86 
Operating System User’s Guide and CP/M-86 
Operating System System Guide. | 


CCP - Console Command Processor 
The CCP provides all of the capabilities provided 


OPERATING SYSTEM UNIT | 


~ CONTROL UNIT 


Once the CCP has parsed a command, it sends it — 
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vided to format diskettes, transfer files petadere a a. 
devices (based on Digital Research’s i deep 
Interchange Program PIP), and alter and display — 
VO device and file status (based on igi 
Research’s STAT). 


Through User Intervention Points, the Stanaante 
CP/M-86 CCP is enhanced to allow the user to add 
new built-in commands to further customize ” a ee. 
CP/M-86 system. 


BDOS - Basic Disk Operating System Be : : 


ge 


to the BDOS, which ‘performs system services 
such as managing disk directories and files. 
Some of the standard BDOS functions provisiee: 

Console Status 


by Digital Research’s CCP. Built-in commands Console Input and ia by 4) 
have been expanded to include capabilities nor- _ List Output re Re aeee 4 
mally included as transient utilities on the Digital - _ Select Drive eel mn Pea toa 
cate goth CPIM- 86 aiskatie: cPipmandes are he ne end Sect pages Fae es Sit 
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Se Read/Write Sector 
ee Load Program 


The BDOS in the 80150 provides the same func- 
tions as the standard Digital Research CP/M-86 
BDOS. 


BIOS - Basic Input/Output System 

se _ The BIOS contains the system-dependent I/O 

a ae ‘drivers. The 80150 BIOS offers two fundamental 

BE Ss configuration options: 

1. A predefined configuration which supports 
minimum cost CP/M-86 microcomputer 


systems and which requires no operating 
system development by the system designer. 


2. An OEM-configurable mode, where the 
designer can choose among several drivers of- 
A 


8088/8086/80186/80188 
CPU 


fered on the 80150 or substitute or add any ad- 
ditional device drivers of his choice. 


These two options negate the potential software- 
on-silicon pitfall of inflexibility in system design. 
The OEM can customize the end ‘System | as 
desired. 


The predefined configuration offers a choice 
among several peripheral chip drivers included on 
the 80150. Drivers for the following chips are in- 
cluded in the 80150 BIOS: 


8251A Universal Synchronous/ 
Asynchronous Receiver/Transmit- 
ter (USART) 

8274 Multi-Protocol Serial Controller 
(MPSC) 

8255A Programmable Parallel Interface: 
(PPI) 

8272A Floppy Disk Controller 


FLOPPY DISK 


ADDRESS/DATA BUS 


CONSOLE PRINTER 


Figure 4. Predefined Configuration 
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Even in the predefined configuration, the system 
designer (or end user, if the system designer 
desires) may select parameters such as the baud 
rates for the console and printer, and the floppy 
disk size (standard 8” or 5%” mini-floppy) and 
format (FM single density or MFM double density, 
single-sided or double-sided). 


Drivers for the 80150 on-chip timers and interrupt 
controller are also included in the BIOS. 


The 80150 takes advantage of the 80186 and 80188 
on-chip peripherals in an iAPX 186/50 or 188/50 
system. For example, the integrated DMA controller is 
used. Also fully utilized are the integrated memory chip 
selects and I/O chip selects. 


Since all microcomputer configurations cannot 
be anticipated, the OEM-configurable mode 
allows the system designer to use any set of 
‘peripheral chips desired. This configuration is 
shown in Figure 5. 


By simply changing the jump addresses in a con- 
figuration table, the designer can also gain the 
flexibility of adding custom BIOS drivers for other 


8088/8086/80186/80188 
CPU 


\ 


|APX 86150,88/50,186/50,188/50. ADVANCE DOFORMATION 


peripheral chips, such as bubble memories or 
more complex CRT controllers. These drivers 


would be stored in memory external to the 80150 - 


itself. By providing the configurability option, the 
80150 is applicable to a far broader range of 
designs that it would be with an inflexible BIOS. 


MEMORY ORGANIZATION 


When using the predefined configuration of the 


80150 BIOS, the 80150 must be placed in the top 


16K of the address space of the microprocessor 
(starting at location FCOQOH) so that the 80150 
gains control when the microprocessor is reset. 


Upon receipt of control, the 80150 writes a con- 
figuration block into the bottom of the micro- | 


processors address space, which must be in 
RAM. The» 80150 uses the area after the inter- 


rupt vectors for system configuration information. 


and scratch-pad storage. 


When using the OEM-configurable mode of the 


80150 BIOS, the 80150 is placed on any 16K boun- 


FLOPPY DISK 


ADDRESS/DATA BUS 


OTHER 
PERIPHERALS 


8274 


SYNCHRONOUS LINE, 
SERIAL PRINTER, 
CONSOLE 


ASYNCHRONOUS 
COMMUNICATIONS, 


CONSOLE, 
SERIAL PRINTER 


KEYBOARD, 
PARALLEL PRINTER 


Figure 5. OEM Configurable System 
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oa 
‘ : 


aes dary of memory except the highest (FCOOOH) or 
ne ah es lowest (OOO00H). The user writes interface code (in 
oe Bs the form of a simple boot ROM) to incorporate and 

fei link additional features and changes into the 
Seeger Standard 80150 environment. The configuration 
block may be located as desired in the address 
space, and its size may vary widely depending on 
the application. 


Memory Disk 


est A unique capability offered by the 80150 is the 

peer Memory Disk. The Memory Disk consists of a 
eer block of RAM whose size can be selected by the 
designer. The Memory Disk is treated by the 
BDOS as any standard floppy disk, and is one of 
the 16 disks that CP/M can address. Thus files can 
be opened and closed, programs stored, and 
statistics gathered on the amount of Memory Disk 
space left. 


oe The Memory Disk opens the possibility of a por- 
Rovere _ table low-cost diskless microcomputer or network 
is Se station. Applications software can be provided in 


} 80150/801 50-2 £ bes = 
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a number of ways: 


. telephone lines via a modem. 

. ROM-based software. ; 

a network. 

. bubble memory based software. 
low-cost cassettes. 


eadcow 


TYPICAL SYSTEM CONFIGURATION 


Figure 6 shows the processing cluster of a 
“typical” iAPX 86/50 or iAPX 88/50 OSP system. 
Not shown are subsystems likely to vary with the 
application. The configuration includes an 8086 
(or 8088) operating in maximum mode, an 8284A 
clock generator and an 8288 system controller. 
Note that the 80150 is located on the CPU side of 
any latches or transceivers. 


Timers 


The Timers are connected to the lower half of the 
data bus and are addressed at even addresses. 
The timers are read as two successive bytes, 


CONTROL 


rages 
| 
| 
| 
| | 
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always LSB followed by MSB. The MSB is always 
latched on a read operation and remains latched 
until read. Timers are not gatable. An external 
8254 Programmable Interval Timer may be added 
to the system. 


Baud Rate Generator 


The baud rate generator operates like an 8254 
(Square wave mode 3). Its output, BAUD, is initially 
high and remains high until the Count Register is 
loaded. The first falling edge of the clock after the 
Count Register is loaded causes the transfer of 
the internal counter to the Count Register. The 
Output stays high for N/2 [(N + 1)/2 if N is odd] and 
then goes low for N/2 [(N — 1)/2 if N is odd]. On the 
falling edge of the clock which signifies the final 
count for the output in low state, the output 
returns to high state and the Count Register is 
transferred to the internal counter. The baud rates 
can vary from 300 to 9600 baud. 


The baud rate generator is located at OCH (12), 
relative to the 16-byte boundary in the I/O space in 
which the 80150 component is located. The timer 
control word is located at relative address, 
OEH(14). Timers are addressed with lOCS=0. 
Timers 0 and 1 are assigned to use by the OSP, 
and should not be altered by the user. 


The 80150 timers are subset compatible with 8254 
timers. 


Interrupt Controller 


The Programmable Interrupt Controller (PIC), is 
also an integral unit of the 80150. Its eight input 
pins handle eight vectored priority interrupts. One 
of these pins must be used for the SYSTICK time 
function in timing waits, using an external con- 
nection as shown. During the 80150 initialization 
and configuration sequence, each 80150 interrupt 
pin is individually programmed as either level or 
edge sensitive. External slave 8259A interrupt 
controllers can be used to expand the total 
number of interrupts to 57. 


ee - 80150) 50/80150-2 
iAPX 86150,88/50,186/50, 188/50 ADVANCE INFORMATION. 


In addition to standard PIC functions, the 80150 — 
PIC unit has-an LIR output signal, which when low - 


indicates an interrupt acknowledge cycle. LIR=0 


is provided to control the 8289 Bus Arbiter | 


SYSB/RESB pin. This will avoid the need of re- 
questing the system bus to acknowledge local 
bus non-slave interrupts. The user defines the in- 
terrupt system as part of the configuration. 


INTERRUPT SEQUENCE | 


The interrupt sequence is as follows: 


1. One or more of the interrupts is set by a low- 
to-high transition on edge-sensitive IR inputs 


or by a high input on level-sensitive IR inputs. 


2. The 80150 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is 
encoded in $5 -— So. 


4. Upon receiving the first interrupt acknowledge 
from the CPU, the highest-priority interrupt is 
set by the 80150 and the corresponding edge 
detect latch is reset. The 80150 does not drive 
the address/data bus during this bus cycle but 
does acknowledge the cycle by making 
ACK =0 and sending the LIR value for the IR 
input being acknowledged. 


5. The CPU will then initiate a second interrupt 


acknowledge cycle. During this cycle, the 
80150 will supply the cascade address of the 
interrupting input at Ty on the bus and also 
release an 8-bit pointer onto the bus if ap- 
propriate, where it is read by the CPU. If the 
80150 does supply the pointer, then ACK will 
be low for the cycle. This cycle also has the 
value LIR for the IR input being acknowledged. 


6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTER- 


RUPT primitive (EOI command) is called at the 


end of the Interrupt Handler. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........ 0°C to 70°C 
Storage Temperature ................. -—65°C to 150°C 
Voltage on Any Pin With 

Mespect to Ground: 2). ait. gc. -—1.0V to +7V 
Cpe go) ot a hc ee eae fe 1.0 Watts 


D.C. CHARACTERISTICS (1, =0°C to 70°C, Vo, = 4.5 to 5.5V) 


Parameter 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Power Supply Current 
Input Leakage Current 
IR Input Load Current 


Output Leakage Current 
Clock Input Low 

Clock Input High 

Input Capacitance 

\1/O Capacitance 

Clock Input Leakage Current 


Symbol Parameter 
Toict CLK Cycle Period 
CLK Low Time 
CLK High Time 
Status Active Setup Time 
Status Inactive Hold Time 


Status Inactive Setup Time 
Status Active Hold Time 


Address Valid Setup Time 
Address Hold Time 

Chip Select Setup Time 
Toucs Chip Select Hold Time 


Write Data Setup Time 
ToHDH Write Data Hold Time 

IR Low Time 

Read Data Valid Delay 

ToLoH Read Data Hold Time 


Toipx Read Data to Floating 
Cascade Address Delay Time 


N 
Oo 
=) 


—_ np} —i| a Co 
oO OTs o;u La) 


Touca 


- 0.5 
2.0 


10 
~300 


3.9 
10 
150 , 
Vas” 


A.C. CHARACTERISTICS (1, = 0-70°C, Veg = 4.5-5.5 Volt, Vgg = Ground) 


80150 
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> 
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“NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 
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$2. $1, SO 


MEMGS. |OCS 


WRITE CYCLE 
WRITE DATA VALID 


. ACK 


TELDX.« 
TCLDH 


| 
FLOAT » ; ¥ it 
READ DATAVALID 
£0.00, ADDRESS VAL cates te en 
| = i : 
ack | yo 
TSACK 


' | 


2ND INTA CYCLE ; TCLCF 
, aie : 
TIAVE aes 


TIAVE “s } 
* , “ 
| NOTES: ; | 
1. CASCADE ADDRESS PRESENTED ON AD8, ADS AND AD10 CORRESPONDING TO CASO, CAS! ; 
__ AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES. ADO-AD7 


od ARE TRISTATE. 7 
: 2. POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT. - 


3. ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THE 80150. 
4 LOW ONLY FOR LOCAL INTERRUPT 3 


8282/8283 
OCTAL LATCH 


m Address Latch for iAPX 86, 88, 186, = 3-State Outputs 

188, MCS-80®, MCS-85°, MCS- 48° 3 | 

Famlies : | = 20-Pin Package with 0.3” Center 
= High Output Drive Capability for 


No Output Low Noise when Entering 
or Leaving High Impedance State 


w Fully Parallel 8-Bit Data Register and = Available in EXPRESS 


unter - Standard Temperature Range 
= Transparent during Active Strobe - Extended Temperature Range 


Driving System Data Bus . 


The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph- 
eral and input/output functions of a microcomputer system can be implemented with these devices. 
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Figure 1. Logic Diagrams sak Figure 2. Pin Configurations 
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Table 1. Pin Description 


 Deseription : 


STROBE (Input). STB is an input control 
pulse used to strobe data at the data input 
pins (Ag-A7) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HIGH to LOW 
transition of STB. 


OUTPUT ENABLE (Input). OE is an input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (By-B7). OE being 
inactive HIGH forces the output buffers to 
their high impedance state. 
DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements when STB is strobed and 
latched into the data input latches. 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as inverted (8283) or non-inverted 
(8282) data onto the data output pins. 


FUNCTIONAL RERCRIPNON: as 


The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the ‘set 
time requirements is latched into the data latches | : ee oy “ 
strobing the STB line HIGH to LOW. Holding bes Es 


transparent. Data is presented to the data output p 
activating the OE E input line. When as is inactive 


se 
becethee-anina transients to. appear on the data output . 
bus. ye he : 


ie ee 
ST = 


8282/8283 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................. 0°C to 70°C 
Storage Temperature............. - 65°C to + 150°C 
All Output and Supply Voltages........ -0.5V to +7V 
All Input Voitages.................. — 1.0V to +5.5V 
Power: Dissipation .. 222 08 s4 ak coisa Sea 1 Watt 


D.C. CHARACTERISTICS 


3 

z 
eerie crt 
[te Reverse input Curent 
eerie 
[You [Output High Votase 
[torr [Output orf Curent 
eae 


Input Capacitance 


Vin 
Cin 


NOTE: 
1. Output Loading Io, = 32 mA, Ion = —5 mA, C, = 300 pF* 


A.C. CHARACTERISTICS 


Input to Output Delay 
—Inverting 
—Non-inverting 


STB to Output Delay 
—Inverting 
—Non-Inverting 


NOTE: 
1. See waveforms and test load circuit on following page. 


(Voc = 5V +10%, Ta = 0°C to 70°C 
Loading: Outputs—Io, = 32 mA, Ion 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(Voc = 5V +10%, Ta = O°C to 70°C) 


VR= 


lo = 32mA 


VorF = 0.45 to 5.25V 
Vcc=5.0V_ See Note 1 
Vcoc= =5.0V See Note 1 
F=1 MHz 

Vaias = 2-5V, Voc = 5V 
T,3528°C 


Ene 


(See Note 2) 
= —5 mA, C, = 300 pF*) 


Test Conditions 


(See Note 1) 


— *Cy = 200 pF for plastic 8282/8283. 


2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 


TSHOV = 45, 55; TEHOZ = 25; TELOV = 50. 
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8284A/8284A-1 
CLOCK GENERATOR AND DRIVER FOR 
iIAPX 86, 88 PROCESSORS 
= Generates the System Clock for the = Single +5V Power Supply 
iAPX 86, 88 Processors: 
5 MHz, 8 MHz with 8284A = Generates System Reset Output from 
10 MHz with 8284A-1 Schmitt Trigger Input 
= Uses a Crystal or a TTL Signal for = Ca 
pable of Clock Synchronization with 
Frequency Source Other 8284As 


. F ™ 
= Provides Local READY and Multibus = Available in EXPRESS 


EAE» ayn enaeaton - Standard Temperature Range 
= 18-Pin Package . - Extended Temperature Range 


RES > D 
? a RESET 


x1 
X2 Osc 
CSYNC[]1 18 ["] Vec 
tig PCLK [_] 2 17{-] x1 
= AENiL] 3 16] X2 
EFI RDY1(_] 4 15 |] ASYNC 
CSYNC READY] 5 14|_] EFI 
RDY2(]6 13 [J FIC 
ancl AEN2 (17 12[-Josc - 
KENi—JS aes CLK(]8 11] JRES 
GND[]9 10 |[_] RESET 


c CKt . CK 
AEN2 —IS~ Do a | Ho Q}-» READY 
8284A/8284A-1 Pin 


8284A/8284A-1 Block Diagram Configuration 
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Table 1. Pin Description 


Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AENi 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 


Bus Ready: (Transfer Complete). RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN? while RDY2 is qualified 
by AEN2. 


Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization 
are provided. When ASYNC is left open 
(internal pull-up resistor is provided) or HIGH 
a single stage of READY synchronization is 
provided. 


Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 


Crystal In: X1 and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


Frequency/Crystal Select: F/C isa strapping 
option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is gener- 
ated from the EFI input. 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 


FUNCTIONAL DESCRIPTION 
General 


The 82844 is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ “Ready” synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 


, for Pin Configuration. 


\ i 
hn 


Oscillator 


The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 
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Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is ¥3 of the crystal or EFl input frequency anda 
¥%a duty cycle. An output HIGH of 4.5 volts 
(Vcc= 5V) is provided on this pin to drive MOS 
devices. 


Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is ¥2 that of CLK and has a 50% duty cycle. 


Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is equal to that of the crystal. 


Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 


Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. its 
timing characteristics are determined by 
RES. 


Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator ESYNG should be hardwired to 
ground. 


Power: +5V supply. 


The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(Ry = Re = 510 Q) as shown in the waveform figures are 
recommended. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 


For systems which have aVcc ramp time = 1V/ms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10 pF (not including 8284A pin capacitance), the 
two 5102 resistors should be used. This circuit provides 
optimum stability for the oscillator in such extreme condi- 
tions. It is advisable to limit stray capacitances to less than 
10 pF on X1 and X2 to minimize deviation from operating 
at the fundamental frequency. 
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Clock Generator 


The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 


The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the +3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 


Clock Outputs 


The CLK output is a 33% duty cycle MOS clogk driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK is a TTL level peripheral clock signal whose out- 
put frequency is 2 that of CLK. PCLK has a 50% duty 
cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284A. 


READY Synchronization — 


Two READY inputs (RDY1, RDY2) are provided to accom- 
modate: two Multi-Master system busses. Each input 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. If a Multi- 


CLOCK 
» SYNCHRONIZE 


Master system is not being used the AEN pin shouldbe 


tied LOW. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges — 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 


The ASYNC input defines two modes of READY syn- 
chronization operation. 


When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive. This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 
required RDY setup timing, Trivc_, on each bus cycle. 


When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
RDY setup time. 


ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 


(TO OTHER 8284As) 


Figure 3. CSYNC Synchronization 
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RDY1,RDY2 Active SetuptocLk | 35 ||| ASYNC=LOW 


[Fine | es¥Ne wath 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias................. 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature .............. —65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages ......... -0.5V to +7V cation is not implied. Exposure to absolute maximum 
Allinput Voltages ................... —1.0V to +5.5V rating conditions for extended periods may affect device 
EMULE 6 oh es Ajo eieletecwee’s wee oa WHMEEN 1 Watt reliability. 


D.C. CHARACTERISTICS (1, =0°C to 70°C, Voc =5V + 10%) 


Forward Input Current (ASYNC) 
Other Inputs 


Reverse Input Current (ASYNC) 
Other Inputs : 


win 
[input Forward Clamp Votage | _ 

oe 
[input Low Vonage | 

eae 

ee 

Pe 


mA Ve=0.45V 
mA Ve=0.45V 


Vo 
Vit 
Output HIGH Voltage CLK 
Other Outputs 
A.C. CHARACTERISTICS (T,=0°C to 70°C, Voc =5V + 10%) 5; 


TIMING REQUIREMENTS 
[Symbol [| ____ Parameter ——~—~=«Y~S~Sin ~*~ Max ‘| Units | Toot Conditions 
External Frequency HIGH Time eee es eee fee ee Eas 
Tteven | External Frequency LOwTime | 1a——~«| =~) ns | 10%=10% Vi 
<> Ee PRE Bee See rR 
mee kt. AMAL Praquenty: eS aR 2 ae ie pe ee 


RDY1,RDY2ActiveSetuptocLK | 35 | | ns | ASYNC=HIGH 


Ltniver | RDY1,RDY2InactiveSetuptocLk | 35 | | | 
SS ACC a ee ee Ms Es 
ES Bo ee | ee ee ee See 
© ESB BSG Ue IS cae eeeme See Ee ee 
| tava | AENT,AEN2SetuptoRDY1,RDY2 | 18 | | ms, | 
tenn’ | FEST RENG Holt Cth ee 
paties. | OBYNG Setup so Er Try ao a ee ad 
ARS fe Soo a ae ae Re ss Dee aeeees 
: REE BTR 
cocks oaks ES 
ees Ber 
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A.C. CHARACTERISTICS (Continued) 
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z 
i) 
0 
m 
W 
of 
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touct__|_CLK Cycle Period 


| tcncL CLK HIGH Time (% tetct) +2 
toicu CLK LOW Time (% teici)— 15 
tovecu 


1.0V to 3.5V c 


a 


(J 
re. 


XE 
ee 
wie 


tener __|_PCLK HIGH Time 
teen _|_PCLK LOW Time 


tryHcH Ready Active to CLK (See Note 2) (% terci)—-15 
ad 


toLPH CLK to PCLK HIGH DELAY 
teLpL CLK to PCLK LOW Delay 


totct OSC to CLK LOW Delay 
toton Output Rise Time (except CLK) 
toHoL Output Fall Time (except CLK) 


tryicL : Ready Inactive to CLK (See Note 3) 


torch | OSC to CLK HIGH Delay ges ee eet 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


| INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


1.5 <—— TEST POINTS ——> 1.5 


0.45 


‘ 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V 
BOTH A LOGIC “1” AND“. INPUT Ais AND PALL TIMES (MEASURED r er 
BETWEEN 0.8V AND 2.0V) ARE 5+2 NS. ( C, = 100pF FOR CLK See 


CL = 30pF FOR READY 


‘ 
q- 


wt “ A ad Ce ~~ ¥ > Sa i oes? < i we = > Reece. ee Se nat Ay ~ oh ’ rs 
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intel | 8284A/8284A-1 
WAVEFORMS 
CLOCKS AND RESET SIGNALS 
tELEL tELEH tEHEL 
NAME 1/O- : 
tcLcH tCHCL ; 
CI.K fe) ry ’ —<+—— tec 
fCLPL 
PCLK 0 E 
tpLpH- vai tPHPL 
tEHYL brsiaed 
CSYNC | 
in oa toLnh—> ttre 
RES 1 
tout 
RESET O 


NOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 


READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


tcLrix 


tRiVCH 
tcLr1x 


taiRiv 


tayVCL 


tcLayx 


tRYHCH tRYLCL 
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‘READY SIGNALS (FOR SYNCHRONOUS DEVICES) | cane a 


CLK ey > Baty 
; ee os _ 
tcLR1x——> 
tRiveL 
ee i 3 
RDY1,2 : 
tarniv—} he See aa | tcLaix 
AEN1,2 
ee 
tayve "es 
= ee 
ASYNC 4 
; .. 
READY 
tRYHCH : tryLcL > 
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LOAD 
(SEE NOTE 1) 


LOAD 
(SEE NOTE 1) 


PULSE 
GENERATOR 
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~ LOAD — 
(SEE NOTE 1) 
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(SEE NOTE 2) 


asc: Steam  24MHz 


PULSE 
GENERATOR 
TRIGGER 


4 RDY2 
FIC 
AEN2 
CSYNC 


osc 


LOAD 
(SEE NOTE 1) 


PULSE 
GENERATOR 


TRIGGER 
PULSE 
GENERATOR 


LOAD | 
(SEE NOTE 2) 
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OCTALBUS TRANSCEIVER — —™ 


« Data Bus Buffer Driver for iAPX 


g 
86,88,186,188, MCS-80™, MCS.-85™, 
and MCS-48'™ Families 
; w 
a High Output Drive Capability for 
Driving System Data Bus 
= Fully Parallel 8-Bit Transceivers 8 


a 3-State Outputs 


The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. — 
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Figure 1. Logic Diagrams 


20-Pin Package with 0.3” Center 

No Output Low Noise when Entering 

or Leaving High Impedance State | 

Available in EXPRESS Ses 
- Standard Temperature Range _ ere oS 
- Extended Temperature Range See eS 
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Table 1. Pin Description 


Name and Function 


Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver’s By—B7 as outputs with Ag—A7 as inputs. T LOW configures Ag-A7 as 
the outputs with Bp-B7 serving as the inputs. 


Output Enable: OE is an input control signal used to enable the appropriate output driver (as 


selected by T) onto its respective bus. This signal is active LOW. 


Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's 
local bus depending upon the state of the T pin. 


System Bus Data Pins: These pins serve to either present data to or accept data from the system 
bus depending upon the state of the T pin. 


FUNCTIONAL DESCRIPTION 


_ The 8286 and 8287 transceivers are 8-bit transceivers with Bo-B7 pins is driven onto the Ag-A7 pins. No output low 
high impedance outputs. With T active HIGH and OE ac- glitching will occur whenever the transceivers are enter- 
tive LOW, data at the Ap-A7? pins is driven onto the Bp-B7 ing or leaving the high impedance state. 


pins. With T inactive LOW and OE active LOW, data at the 
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. ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
3 _ device. This is a stress rating only and functional opera- 
- Temperature Under Bias................. 0°C to 70°C tion of the device at these or any other conditions above 


~ i Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
| All Output and Supply Voltages........ —0.5V to +7V cation is not implied. Exposure to absolute maximum 
PAL input Voltages... 0... ce. eee -— 1.0V to +5.5V rating conditions for extended periods may affect device 

UE NIINOREPONY e's pn es. ou ea is nw 60 oom Viton 1 Watt reliability. 


D.C. CHARACTERISTICS (Vec = +5V +10%, Ta= 0°C to 70°C) 


[Parameter ——SSS*dCn | 
input Clamp vortee S| 


Test Conditions 


yee 


Power Supply Current—8287 


mA 
— 8286 mA — 
Output Low Voltage —B Outputs V lot = 32 mA 
—A Outputs V lo. = 16 mA 
Output High Voltage —B Outputs V lon =-5 MA 
—A Outputs V lon =-1mMA 


Vorr = 0.45V 
Vorr= 5.25V 
Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Note 1 
Voc = 5.0V, See Note 1 


F=1MHz 
Veias = 2.5V, Voc = 5V 
Ta=2o°C 


lore Output Off Current 
ort Output Off Current 


Input Low Voltage —A Side 
—B Side 


[input HighVowage | 2] 


=k 
NO 

OD 
nN 


Input Capacitance 


NOTE: 
1. B Outputs—lIo, = 32 mA, Ion = —5 mA, C, = 300 pF*: A Outputs—Ic¢, = 16 mA, Ion = —1 MA, CG, = 100 pF 


A.C. CHARACTERISTICS (Vcc 


Loading: B Outputs—Iq¢, = 32 mA, lox 
A Outputs—lIo, = 16 mA, lon 
Inverting 


TIVOV 
Non-Invertina 


fee 
i Hoid Time res 
4 
had 
Sa 


+5V +10%, Ta = 0°C to 70°C) (See Note 2) 


—5 mA, C; = 300 pF* 
—1mA,C, = 100 pF . 


Input to Output Delay 


Test Conditions 


(See Note 1) 


Transmit/Receive Setup 
TEHOZ Output Disable Time 
TELOV Output Enable Time 


Input, Output Rise Time 
Input, Output Fall Time ee 


*C_ = 200 pF for plastic 8286/8287 


From 0.8 V to 2.0V 
From 2.0V to 8.0V 
NOTE: 
1. See waveforms and test load circuit on following page. 


ny si 2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 
TEHOZ = 25; TELOV = 50.. 
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All timing measurements are made at1 


‘WAVEFORMS 


NOTE: 
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8288 
BUS CONTROLLER 
FOR iAPX 86, 88 PROCESSORS 
a Bipolar Drive Capability = Configurable for Use with an I/O Bus 
= Provides Advanced Commands a Facilitates Interface to One or Two 
= Provides Wide Flexibility in System MUNEMASIOL HUSEOS 
Configurations m Available in EXPRESS 
a= 3-State Command Output Drivers - Standard Temperature Range 


- Extended Temperature Range 


The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing 


systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 


optimizing system performance. 


A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 


8086 STATUS 
STATUS DECODER 


MULTIBUS™ 
COMMAND 
SIGNALS 


ee ng CONTROL ADDRESS LATCH, DATA 
CONTROL CONTROL SIGNAL TRANSCEIVER, AND 
INPUT LOGIC GENER- PDEN | INTERRUPT CONTROL 
ATOR SIGNALS 


Figure 2. 
Figure 1. Block Diagram Pin Configuration 
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Table 1. Pin Description 


7 Name and Function 
Power: +5V supply. 


Status Input Pins: These pins are the 
status input pins from the 8086, 8088 or 
8089 processors. The 8288 decodes these 
inputs to gener:..e command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See chart under Command and 
Control Logic.) i 


Clock: This is a clock signal from the 
8284 clock generator and serves to estab- 
lish when command and control signals 
are generated. 


Address Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent D type latches. 


Data Enable: This signal serves to en- 
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 


Data Transmit/Receive: This signal es- 
tablishes the direction of data flow 
through the transceivers. A HIGH on this 
line indicates Transmit (write to I/O or 
memory) and a LOW indicates Receive 
(Read). 


Address Enable: AEN enables command 
outputs of the 8288 Bus Controller at least 
115 ns after it becomes active (LOW). AEN 
going, inactive immediately 3-states the 
command output drivers. AEN does not 
affect the I/O command lines if the 8288 is 
in the /O Bus mode (IOB tied HIGH). 


Command Enabie: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 


Input/Output Bus Mode: When the IOB is 
strapped HIGH the 8288 functions in the 
/O Bus mode. When it is strapped LOW, 
the 8288 functions in the System Bus 
mode. (See sections on I/O Bus and Sys- 
tem Bus modes). 


rb fe is 3 


8288 
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Type. Name and Function 


Advanced 1/0 Write Command: The 
AIOWC issues an 1/0 Write Command 
earlier in the machine cycle to give I/O 
devices an early indication of a write in- 
struction. Its timing is the same as a read 
command signal. AIOWC is active LOW. 


/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 


1/0 Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signal is active 
LOW. 


Advanced Memory Write Com- 


mand: The AMWC issues a memory write | 


command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 


Memory Write Command: This com- 
mand line instructs the memory to record 
the data present on the data bus. This 
signal is active LOW. 


Memory Read Command: This com- 
mand line instructs the memory to drive 
its data onto the data bus. This signal is 
active LOW. : 


Interrupt Acknowledge: This command 

line tells an interrupting device that its 

interrupt has been acknowledged and 

that it should drive vectoring information - 
onto the data bus. This signal is active 

LOW. 


This is a dual function pin. 

MCE (IOB is tied LOW): Master Cascade 
Enable occurs during an interrupt se- 
quence and serves to read a Cascade 
Address from a master PIC (Priority Inter- 
rupt Controller) onto the data bus. The 
MCE signal is active HIGH. 

PDEN (IOB is tied HIGH): Peripheral 
Data Enable enables the data bus trans- 
ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 


Command and Control Logic 


The command logic decodes the three 8086, 8088 or 8089 
CPU status lines (Sp, 57, S2) to determine what command 
is to be issued. 


This chart shows the meaning of each status “word”. 


Interrupt Acknowledge 
Read 1/0 Port 
Write I/O Port 


Code Access 


The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 

1/(O Bus Mode — The 8288 is in the I/O Bus mode if the 
1OB pin is strapped HIGH. In the I/O Bus mode all I/O 
command. lines (IORC, IOWC, AIOWC, INTA) are always 


- enabled (i.e., not dependent on AEN). When an I/O com- 


mand is initiated by the processor, the 8288 immediately 
activates the command lines using PDEN and DTI/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 


- wants to gain access to the I/O bus. Normal memory ac- 


cess requires a ‘Bus Ready” signal (AEN LOW) before it 
will proceed. It is advantageous to use the 1OB mode if 
/O or peripherals dedicated to one processor exist ina 
multi-processor system. 


System Bus Mode — The 8288 is in the System Bus mode 
if the 1OB pin is strapped LOW. In this mode no command 
is issued until 115 ns after the AEN Line is activated 
(LOW). This mode assumes bus arbitration logic will in- 
form the bus controller (on the AEN line) when the bus is 


_ free for use. Both memory and I/O commands wait for bus 


arbitration. This mode is used when only one bus exists. 
Here, both I/O and memory are shared by more than one 
processor. 


COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. , 


The command outputs are: 


~MRDC — Memory Read Command 
MWTC — Memory Write Command 
lORC — I/O Read Command 
lOwC — I/O Write Command 
AMWC — Advanced Memory Write Command 
AlOWC — Advanced I/O Write Command 
INTA — Interrupt Acknowledge 


INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 


4 


CONTROL OUTPUTS 

The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when the external bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two 
modes of the 8288. When the 8288 is in the |OB mode 
(OB HIGH) the PDEN signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 


INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 is in the System Bus mode (lIOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller’s (PIC) cascade address onto the processor’s 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 


If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 


ADDRESS LATCH ENABLE AND HALT 
Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (So, 
S,, S,) into a latch for halt state decoding. 


COMMAND ENABLE 


The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 


j 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. 0°C to 70°C 


Storage Temperature ............... —65°C to +150°C 
All Output and Supply Voltages ......... —0.5V to +7V 
All input Voltageso....45 Poe. Ss —1.0V to +5.5V 
Power Dissinguoy «6 oe is ee a 1.5 Watt 


; 
‘ ; 


u 


*NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device. at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Voc = 5V + 10%, Ta = 0°C to 70°C) 


Output Low Voltage 
Command Outputs 
Control Outputs 


Output High Voitage 
Command Outputs 


eg Control! Outputs 
| Min | Input High Voltage 


A.C. CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C)* 


TIMING REQUIREMENTS 


| Symbol | Parameter 


TSVCH Status Active Setup Time 
TCHSV ; Status Inactive Hold Time 
TSHCL Status Inactive Setup Time 


TCLSH Status Active Hold Time 


*Note: For Extended Temperature EXPRESS the Preliminary Values are TCLCL = 125; TCLCH = 50; TCHCL = 30; 
TCVNX = 50; TCLLH, TCLMCH = 25; TSVLH, TSVMCH = 25. 
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| Symbol | Parameter 


A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


TCVNV Control Active Delay 
TCVNX Control Inactive Dela 


TCLLH, ALE MCE Active Delay (from CLK) 
TCLMCH 
ALE Inactive Delay 


TSVLH, ALE MCE Active Delay (from 
TSVMCH Status) 
TCLML Command Active Delay 


ae 
ee 
eae 
ame % 
sae 
TcHOTL | Direction Gono! Ate aly —[ 
ToHOTH | Direction Convo! mac Oley_[ 
ase: 
sinatra 
aa 
ssi 
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ase 
pool ame 
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TCLMH Command Inactive Delay 2 geet 


‘ lo. = 32 mA 
lIOwC lon = -5 MA 
INTA C, = 300 pF 


=r 
OQ 
ie 
~ 
ee 


TAELCH Command Enable Time 
TAEHCZ © Command Disable Time 


10 
115 


TAELCV Enable Delay Time lo. = 16 mA 
TAEVNV AEN to DEN Other lon = —1 MA 
TCEVNV CEN to DEN, PDEN C, = 80 pF 


From 0.8V to 2.0V 


TOLOH Output, Rise Time 
From 2.0V to 0.8V 


TCELRH CEN to Command 
Output, Fall Time 


TOHOL 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 


1.5 <«——_ TEST POINTS ———> 1.5 


0.45 


“1° AND “0.” 
mi ag AND FALL TIMES ARE 5 + 2 NS., MEASURED BETWEEN 0.8V 


2.14V 2.28V 
: 52.79 
1142 
OUT OuT | 
3-STATE TO HIGH 3-STATE TO LOW COMMAND OUTPUT . CONTROL OUTPUT 
TEST LOAD neat (oa 
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ADDRESS/DATA 


WRITE a 
DATA VALID — ® 


ALE. 


-MRODC, iORC, INTA 
AMWC, AiOWC 


MWTC, iOwc 


READ) 


( 
DEN NTA) 


=. (READ) 
PDEN (INTA) 


DEN (WRITE) 


PDEN (WRITE) 


TCHDTH—> 


DT/R (READ) 
(INTA) 


TCHDTL ~ * 


MCE TCHDTH 


Le xsl —>| 1-TSVMCH 


1, ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. __ » : 
2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. Ae. 


t ; = 
s . . r . 2 Pade 3 


TAEVNV 


TAELCV 


1.5V 1.5V 


| ee — : TAELCH \TAEHCZ. 
‘ Eo ; a ‘ aia ina! 0.5V ~ 
VOH 


Sake comIpOT. . \ / 


+TCELRH 


TCELRH 


eu 5 . : : : ‘ ‘ en . . ry ae 
> “ : , AA , “ 
* s Ye \ + . F rs, ed 


0 ‘; ° ease < rt <b ie vie ; t a . re | . = mn aay a rs one na 
LE. pbs BS Ag a 7: ~h ey? ie : ata ‘ ye * i 3-586 . te: ‘ ‘ . ie , * : 5s : &, ete ‘ Ran AEN ONEOHO a 
ve ¥ ; Fi ; “ 5 - a8 +" 7. by ok 7 54 : } ie ree SS Pp. Ws 5 ‘ . rah ed ; a ek 


ors Ga 6 dA He a 


seb oe oe Dee hoe Mies 1. Aelia Se} . 4 ae Ses” oe eee S i eae - ’  F a, SNe te ot ae Tae ane We! 
{See eres 8 ee Ot i re Sd Be fe ee MSS es Pe ve 4 p : we — ” Ee as Weg. SS ae . ™ ex, Wise a ae 4 ay Py Sage ee ayy 
“iy : : Y 2 , eT PA Te Re ood ay f aS » 
- : a nae © rae 


8289/8289-1 
BUS ARBITER 


= Provides Multi-Master System Bus a Four Operating Modes for Flexible 
Protocol | System Configuration 

we Synchronizes iAPX 86, 88 Processors = Compatible with Intel Bus Standard 
with Multi-Master Bus MULTIBUS™ ) 

@ 10MHz Version, 8289-1, Fully Compatible §=§ @ Provides System Bus Arbitration for 
with 10MHz iAPX 86 or 8MHz iAPX.186 8089 IOP in Remote Mode 
Based Systems a Available in EXPRESS 

a Provides Simple Interface with 8288 . = Standard Temperature Range 
Bus Controller - Extended Temperature Range 


The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi- 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive capability. 


MULTIBUS™™ 
S MULTIBUS COMMAND 
INTERFACE SIGNALS 
STATUS \ 
So 
LOCK 
CLK 
PROCESSOR CROLCK 
CONTROL RESB = AEN 
ANYRQST | tf SYSTEM 
10B SIGNALS 
SYSB/RESB 


Figure 1. Block Diagram 


20 [_] Voc 
191 |$1 
"811 so PROCESSOR o. 
17 C] cLK STATUS ati 
BCLKC]5 BUS 167 | LOCK MULTIBUS 
BPRN / INTERFACE 
|_| CROLCK BPRO 
141] ANYROST Avatars BUSY 
131] AEN STRAPPING) CSRR 
OPTIONS 
12{_| CBRA SYSB/RESB | SYSTEM 
11] | BUSY AEN SIGNALS 
Figure 2. Pin Diagram Figure 3. Functional Pinout 
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' Table 1. Pin Description 


[symbol |Type | Name and Function 


Address Enable: The output of the 8289 
Arbiter to the processor's address latches, 
to the 8288 Bus Controller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when 
to tri-state their output drivers. 


Power: +5V supply +10%. 


Status Input Pins: The status input pins 
from an 8086, 8088 or 8089 processor. The 
8289 decodes these pins to initiate bus re- 
quest and surrender actions. (See Table 2.) 


Clock: From the 8284 clock chip and 
serves to establish when bus arbiter ac- 
tions are initiated. 


System Bus/Resident Bus: An input 
signal when the arbiter is configured in the 
S.R. Mode (RESB is strapped high) which 
determines when the multi-master system 
bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is intended to originate from a form of 
address-mapping circuitry, as a decoder or 
PROM attached to the resident address 
bus. Signal transitions and glitches are 
permitted on this pin from #1 of T4 to ¢1 of 
T2 of the processor cycle. During the 
period from #1 of T2 to ¢ 1 of T4, only clean 
transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the multi-master 
system bus may be requested or surren- 
dered, depending upon the state of the 
glitch. The arbiter requests the multi- 
master system bus in the S.R. Mode when 
the state of the SYSB/RESB pin is high and 
permits the bus to be surrendered when 
this pin is low. 


Lock: A processor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 
bus to any other bus artiter, regardless of 
its priority. 


Common Request Lock: An active low 
signal which prevents the arbiter from sur- 
rendering the multi-master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 


Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems hav- 
ing both a multi-master system bus and a 
Resident Bus. Strapped high, the multi- 
master system bus is requested or surren- 
dered as a function of the SYSB/RESB 
input pin. Strapped low, the SYSB/RESB 
input is ignored. 


ANYRQST Any Request: A strapping option which 
permits the multi-master system bus to be 


Common Bus Request: An input signal 
which instructs the arbiter if there are any 
other arbiters of lower priority requesting 
the use of the multi-master system bus. 


surrendered to a lower priority arbiter as if 
it were an arbiter of higher priority (i-e., 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus 
is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is 
surrendered according to Table 2. If ANY- 
RQST is strapped high and CBRQ is ac- 
tivated, the bus is surrendered at the end of 
the present bus cycle. Strapping CBRQ low 
and ANYRQST high forces the 8289 arbiter 
to surrender the multi-master system bus 
after each transfer cycle. Note that when 
surrender occurs BREQ is driven false 
(high). 

10 Bus: A strapping option which confi- 
gures the 8289 Arbiter to operate in sys- 
tems having both an !O Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 
the multi-master system bus as a function 
of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered 
while the processor is performing |O com- 
mands and is requested whenever the pro- 
cessor performs a memory command. 
Interrupt cycles are assumed as coming ; 

from the peripheral bus and are treated as é‘ ‘ 
an |O command. 


The CBRQ pins (open-collector output) of 
-all the 8289 Bus Arbiters which surrender 
to the multi-master system bus upon re- 
quest are connected together. 


The Bus Arbiter running the current trans- 
fer cycle will not itself pull the CBRQ line 
low. Any other arbiter connected to the 
CBRQ line can request the multi-master 
system bus. The arbiter presently running 
the current transfer cycle drops its BREQ 
signal and surrenders the bus whenever 
the proper surrender conditions exist. 
Strapping CBRQ low and ANYRQST high 
allows the multi-master system bus to be 
surrendered after each transfer cycle. See 
the pin definition of ANYRQST. 


Initialize: An active low multi-master sys- 
tem bus input signal used to reset all the 
bus arbiters on the multi-master system 
bus. After initialization, no arbiters have 
the use of the multi-master system bus. 
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Table 1. Pin Descriptions (Continued) 


| Symbol | Type | Name and Function 


BCLK fe Bus Clock: The multi-master system bus 


clock to which all multi-master system bus 
BREQ 


interface signals are synchronized. 


Bus Request: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 


BPRN Bus Priority In: The active low signal re- 
turned to the arbiter to instruct it that it may 
acquire the multi-master system bus on the 
next falling edge of BCLK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 


FUNCTIONAL DESCRIPTION 


The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86, 88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un- 
aware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the pro- 
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
‘‘Not Ready” and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac- 
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv- 
ers, and the address latches to access the system. Typi- 
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate “READY” from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro- 
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 


Arbitration Between Bus Masters 


In general, higher priority masters obtain the bus whena 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master is not accessing the system bus. 
A strapping option (ANYRQST) is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though it were a master of higher priority. If there are no 
‘other bus masters requesting the bus, the arbiter main- 
tains the bus so long as its processor has not entered 
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| Symbol _| Type | Name and Function 


Bus Priority Out: An active low output 
signal used in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 


Busy: An active low open collector 
multi-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail- 
able. When the multi-master system bus is | 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSY signal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 


the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master’s bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets of 
conditions. 


Priority Resolving Techniques — 


Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv- 
ing techniques. Ali the techniques are based on a priori- 
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 


resolving techniques, and rotating priority techniques. - 


PARALLEL PRIORITY RESOLVING 


The parallel priority resolving technique uses a separate 
bus request line (BREQ) for each arbiter on the multi- 
master system bus, see Figure 4. Each BREQ line enters 
into a priority encoder which generates the binary ad- 
dress of the highest priority BREQ line which is active. 
The binary address is decoded by a decoder to select 
the corresponding BPRN (Bus Priority In) line to be 
returned to the highest priority requesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus is no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 


AFN-00839D 


Sec, MD Ad es oe 
Pee. eed ae nT Ee 
Fess Ye Cs 


ve ya 
iaT See 
thre Se 
en 
v=o 
“a * tag 
J 

‘ 2 rs 


. = a ie AR tie os Seta = Nye gk eal? pats 2y 


ei ee eR 


8289/8289-1 


Upon completing its transaction the present bus occu- 


pant recognizes that it no longer has priority and sur- 
renders the bus by releasing BUSY. BUSY is an active 
low “OR” tied signal line which goes to every bus arbiter 
on the system bus. When BUSY goes inactive (high), the 
arbiter which presently has bus priority (BPRN true) then 


BUS 
ARBITER 
1 


BUS 
a 


seizes the bus and pulls BUSY low to keep other arbiters 
off of the bus. See waveform timing diagram, Figure 5. 
Note that all multi-master system bus transactions are 
synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority | 
resolving scheme employed to settle. 


74148 74138 
PRIORITY 3TO8 
ENCODER DECODER 


Figure 4. Parallel Priority Resolving Technique 


® 


(1) HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. 


(2) ATTAINS PRIORITY. 


(3) LOWER PRIORITY BUS ARBITER RELEASES BUSY. 
(4) HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 


Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 


The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement by 


daisy-chaining the bus arbiters together, connecting the | 


higher priority bus arbiter’s BPRO (Bus Priority Out) out- 
put to the BPRN of the next lower priority. See Figure 6. 


— BPRN 
ARBITER |. _GPAG 
aT BPRN 
ARBITER 
2 


BUS 
ARBITER 
3 


faerarne ne 
BPR 
BUS : 
ARBITER 
4 


THE NUMBER OF ARBITERS THAT MAY BE DAISY-CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA- 
GATION DELAY FROM ARBITER TO ARBITER. NORMALLY, AT 10 MHz ONLY 3 ARBI- 
TER MAY BE DAISY-CHAINED. 


‘ Figure 6. Serial Priority Resolving 


ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which ro- 
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi-master 
system bus, over time. 


Which Priority Resolving Technique To 
Use | 


There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter- 
nal logic but can accommodate only a limited number of 
bus arbiters before the daisy-chain propagation delay 
exceeds the multi-master's system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 


*In some system configurations it is possible for a non-l/O Processor to 
have access to more than one Multi-Master System Bus, see 8289 
Application Note. 
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8289 MODES OF OPERATION 


There are two types of processors in the iAPX 86 family. An — 
Input/Output processor (the 8089 IOP) and the iAPX 86/10, — 


88/10 CPUs. Consequently, there are two basic operating 
modes in the 8289 bus arbiter. One, the |OB (I/O Peripheral 
Bus) mode, permits the processor access to both an 1/O 


Peripheral Bus and a multi-master system bus. The sec- © 


ond, the RESB (Resident Bus mode), permits the pro- 


cessor to communicate over both a Resident Bus anda _ 
multi-master system bus. An I/O Peripheral Bus is a bus 
where all devices on that bus, including memory, are 


treated as I/O devices and are addressed by |/O com- 
mands. All memory commands are directed to another 
bus, the multi-master system bus. A Resident Bus can 
issue both memory and I/O commands, but it is a distinct 
and separate bus from the multi-master system bus. The 


distinction is that the Resident Bus has only one master, — 


providing full availability and being dedicated to that one 
master. 


The IOB strapping option configures the 8289 Bus Ar- - 


biter into the IOB mode and the strapping option RESB 


configures it into the RESB mode.-It might be noted at — 
this point that if both strapping options are strapped 


false, the arbiter interfaces the processor to a multi- 
master system bus only (see Figure 7). With both op- 


tions strapped true, the arbiter interfaces the processor 5 
to a multi-master system bus, a Resident Bus, and an I/O — 


Bus. 


In the IOB mode, the processor communicates and con- — 
trols a host of peripherals over the Peripheral Bus. When ~ 


the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 


8 shows a possible I/O Processor system configuration. 


The iAPX 86 and iAPX 88 processors can communicate 


with a Resident Bus and a multi-master system bus. Two 


bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. In sucha 
system configuration the processor would have access to 


memory and peripherals of both busses. Memory map- 


ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 


A summary of the modes that the 8289 has, along with 
its response to its status lines inputs, is summarized in 
Table 2. 
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Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 
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“g 3 COMMANDS. 
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See | COMMANDS 


' NOTES: 


1, X= Multi-Master System Bus is allowed to be Surrendered. 
2. » = Multi-Master System Bus is Requested. 


Pj Multi-Master System Bus ; 
Mode se 
Strapping Requested** Surrendered* 
| Single Bus 1O0B = High Whenever the processor's t 
Multi-Master Mode RESB = Low BUT + ES VER ees 
: iOB=High . SYSB/RESB = High 
eee ee RESB=High | ACTIVE STATUS 
iOB = Low 
1OB Mode Only peer 1 au: 


iOB = Low (Memory Command) « 
RESB=High | (SYSB/RESB = High) 


(SYSB/RESB = Low + TI) « 
CBRQ + HLT + HPBRQ 


(I/O Status + Tl) ¢e CBRQ+ 
HLT + HPBRQ 


((/O Status Commands) + 
SYSB/RESB = LOW)) « CBRQ 
+ HPBRQT + HLT 


Memory Commands 


1OB Mode-RESB Mode 


NOTES: 
*LOCK prevents surrender of Bus to any other arbiter, CROQLCK prevents surrender of Bus to any lower priority arbiter. 
**Except for HALT and Passive or IDLE Status. 


THPBRQ, Higher priority Bus request or BPRN = 1. 
1. 1OB Active Low. 

2. RESB Active High. 

3. +is read as “OR” and ¢ as “AND.” 

4. Tl= Processor Idie Status $2, Si, SO= 111 

5. HLT = Processor Halt Status 52, $1, S0=011 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to 70°C tion of the device at these or any other conditions above _ 3 
Storage Temperature............. ~ 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ —0.5V to +7V cation is not implied. Exposure to absolute maximum girs 
All Input Voitages.................. ~1.0V to +5.5V rating conditions for extended periods may affect device : 


Power Dissipation: 2. fo5 c. <0 ovbss eos ce 1.5 Wait reliability. 
D.C. CHARACTERISTICS (1, = 0°C to 70°C, Veg = +5V +10%) 
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_ BPRO, BREQ 


Output High Voltage 
BUSY, CBRQ 


lol = 16 mA 


ee All Other Outputs 


Pipe) Power Supply Current 
input Low Voltage 
ae xed Input High Voltage 


Cin Status Input Capacitance 


Cin (Others)| Input Capacitance 
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TIMING REQUIREMENTS é ee ie line 


| Symbol —_| Parameter 8289 Min. | 8289-1 Min. Max. 
Status Inactive Hold 
BCLK Cycle Time | 


BLCK High Time . 
TCLLL1 LOCK Inactive Hold 
TCLLL2 LOCK Active Setup i 
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__ A.C. CHARACTERISTICS (Continued) _ 
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PBCLKtoBREQDelayit | 


BCLK to BPRO|} (See Note 1) 
BPRN|tto BPRO| {Delay 


From 0.8V to 2.0V 
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e r NOTES: 


Ta 


1, BCLK generates the first BPRO wherein subsequent BPRO changes.lower in the chain are generated through BPRON. 
2. Measured at .5V above GND. 
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A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V 


FOR A LOGIC “'0."" THE CLOCK IS DRIVEN AT 4.3V and 0.25V. TIMING 
MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A LOGIC ‘'1"" AND “'0.” 
_ INPUT RISE AND FALL TIMES (MEASURED BETWEEN 0.8V AND 2.0V) ARE 
DRIVEN AT 5+2 NS. : 
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- sais 
< i eA 
WAVEFORMS 2 Ply 
. A vf “ 

iW 

: 

y STATE 1, Ty T2 T3 T%, Ree 
TCLCL TCLCH ‘ 33 
CLK - a 
4 
THVCH : : 
sea 1 t+} , 

TCLLL1 —>| - — 7 

(OCK \ RS 
(SEE NOTE 1) 2 

+ ae 
: sf 

RSE eRe . 

ie 

vmamm YX weve X[ | emt 

' TCLSR1 } 

a 
AEN | 
(SEE NOTE 3) 

+— TBLAEL TCLAEH—>| |<— Fe Lisi) 
PROCESSOR CLK RELATED a E. eS il 
4 / r a ; 

BUS CLK RELATED i 


TBHCL -——- TBLBL 


TBLBRL —~ —— 


BREQ #2 


ber.) 


~— TBYSBL yo 


# 
. 
eveee a 


N\ 
G33 


TBLCBL —~> oe ; z 
TBLBYH aia Pe, 


di 


<+—TCBSBL 
° TBLCBH 


NOTES: 
1. COCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 
. RELATIONSHIPS SHOWN ABOVE WITH RESPECT TO THE CLK ARE MAINTAINED. ig 

LOCK INACTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. ; - 
GROLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

2. GLITCHING OF SYSB/RESB PIN IS PERMITTED DURING THIS TIME. AFTER ¢ 2 OF 
T1, AND BEFORE ¢1 OF T4, SYSB/RESB SHOULD BE STABLE. 

3. AEN LEADING EDGE IS RELATED TO BCLK, TRAILING EDGE TO CLK. THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY |S LOST. * 


ADDITIONAL NOTES: 


The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume arbiter 1 has the bus and is holding busy low. Arbiter #2 detects its processor wants the bus and en 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority es 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes fas 
the bus request rather than having to wait for another arbiter to release the bus through CBRQ].** Arbiter #1 will relin- 
quish the multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO#1 (tied to % 
BPRN#o2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As rae 


soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if | es : 


arbiter #2 didn’t want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by ms 
lowering its BPRO #2 [TPNPO]. 


**Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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“intel “TAPX 286/10 «ADVANCE = nromTON ae 


HIGH PERFORMANCE MICROPROCESSOR 
WITH MEMORY MANAGEMENT AND PROTECTION 


eee, 80286- 6, 80286-4) 


@ High Performance = Optional Processor Extension: 


Processor (Up to six times iAPX 86) 
= Large Address Space: 
—16 Megabytes Physical 
—1 Gigabyte Virtual per Task 
= Integrated Memory Management, Four- 


Numeric Data Processor 


= Complete System Development 


—iAPX 286/20 High Performance 80-bit 


Support: 
Level Memory Protection and Support —Development Software: Assembler, 
for Virtual Memory and Operating PL/M, Pascal, FORTRAN, and System 
Systems Utilities ee 
= Two iAPX 86 Upward Compatible —In-Circuit-Emulator (ICE ™-286) 
Operating Modes: | 
—iAPX 86 Real Address Mode # High Bandwidth Bus Interface 
—Protected Virtual Address Mode (8 Megabyte/Sec) 


= Range of clock rates 


i bilbnagyr ey nu Available in EXPRESS: 


—4 MHz for 80286-4 — Standard Temperature Range 


The iAPX 286/10 (80286 part number) is an advanced, high-performance microprocessor with specially optimized 
capabilities for multiple user and multi-tasking systems. The 80286 has built-in memory protection that supports 
operating system and task isolation as well as program and data privacy within tasks. An 8 MHz iAPX 286/10 provides 
up to six times greater throughout than the standard 5 MHz iAPX 86/10. The 80286.includes memory management 
capabilities that map up to 23° (one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) 
of physical memory. | 


The iAPX 286 is upward compatible with iAPX 86 and 88 software. Using iAPX 86 real address mode, the 80286 is 
object code compatible with existing iAPX 86, 88 software. In protected virtual address mode, the 80286 is source 
code compatible with iAPX 86, 88 software and may require upgrading to use virtual addresses supported by the 
80286’s integrated memory management and protection mechanism. Both modes operate at full 80286 performance 
and execute a superset of the iAPX 86 and 88's instructions. 


The 80286 provides special operations to support the efficient implementation and execution of operating systems. 


For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, and 
start execution of the new task. The 80286 also supports virtual memory systems by providing a segment-not-present 


exception and restartable instructions. 
LATCHES AND DRIVERS BHE, M10 
PROCESSOR 
PREFETCHER| | EXTENSION reer 
SEGMENT INTERFACE PEREQ 


' BASES READY, HOLD 


OFFSET ese BUS CONTROL $1, SO, COD/INTA 
ADDER bi tooth SEGMENT LOCK, HLDA 
SIZES 


CHECKER > 
DATA TRANSCEIVERS Dis — Do 
pos 6 BYTE 
PREFETCH 
QUEUE BUS UNIT (BU) | 
RESET 


INSTRUCTION | CLK 
UNIT (IU) || Vss 


| ADDRESS UNIT (AU) 


Figure 1. 80286 Internal Block Diagram 


The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: BXP, CREDIT, i, ICE, iCS, im, Insite, Intel, INTEL, Intelevision, Intellink, 


Intellec, iMMX, iOSP. iPDS, iRMX, iSBC, iSBX, Library Manager, MCS, MULTIMODULE, Megachassis, Micromainframe, MULTIBUS, Multichannel, Plug-A-Bubble, PROMPT, Promware, 


RUPI, RMX/80, System 2000, UPI, and the combination of iCS, iRMX, iSBC, iSBX, ICE, “ICE, MCS, or UPI and a numerical suffix. Intel Corporation Assumes No Responsibility for the use 


of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Patent Licenses are implied. ©INTEL CORPORATION, 1983. 


NOVEMBER 1983 
4-1 _ ORDER NUMBER: 210253-006 


/ Vas See 


| Component Pad View—As viewed from | P.C. Board View—As viewed from the 
ee Se underside of component when mounted on component side of the P.C. board. 
re the board. 


LJ JLJLICIO SE SESE IL ILIC CSE oe 


oO 
> 
v 
uw 
& 


LIJLILILILYLILILCILILILCILILILCILIL IL 
wall I VEAP ARAL E-IE- 6 TP EAE EAE IEA A 


Ai3 Ai3 


Rear ae ar ar yeaa are ee ee Ae Ve 


O.0 BRB MRS 8 2 bette 


Be 
~ 


PIN NO. 1 MARK) 


“ 


Axa 


a 
x 


L—______JS33|§Blso ok 
red la 2 Ok 


: a | NOTE: N.C. pads musi not be connected. 


Figure 2. 80286 Pin Configuration 


Table 1. Pin Description 
_ The following pin function descriptions are for the 80286 microprocessor: 


Name and Function 


System Clock provides the fundamental timing for iAPX 286 systems. It is divided by two inside 
the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
: ; be synchronized to an external clock generator by a LOW to HIGH transition on the RESET 
\ input. 
Daia Bus inputs daia during memory, !/O, and interrupt acknowledge read cycles; outputs data 
during memory and |/O write cycles. The data bus is active HIGH and floats to 3-state OFF during 
bus hold acknowledge. 


Address Bus outputs physical memory and 1/O port addresses. AO is LOW when data is to be 
transferred on pins D7_9. Ao3-Aig are LOW during I/O transfers. The address bus is active HIGH 
and floats to 3-state OFF during bus hoid acknowledge. 


Bus High Enable indicates transfer of data on the upper byte of the data bus, Dy5_3. Eight-bit 
oriented devices assigned to the upper byte of the data bus would normally use BHE to con- 
dition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold acknowledge. 


BHE and AO Encodings 


a Avy, [Fue 


Word transfer 

Byte transfer on upper half of data bus (Dj5_8) 
Byte transfer on lower half of data bus (D7_9) 
Reserved y 
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IAPX 286/10. 


Table 1. Pin Deselietion (Cont.) 


Symbol | Type Name and Function 


— 


INTR 


Bus Cycie Status indicates initiation of a bus cycle and, along with M/TO and COD/INTA. defines. 
the type of bus cycle. The bus is in a T, state whenever one or both are LOW. ST and 50 are 
active LOW and float to 3-state OFF during bus hold acknowiedge. 


80286 Bus Cycle Status Definition 


COD/INTA PY Me ge SF Bus cycle initiated 


0 (LOW) interrupt acknowledge 
Reserved 
Reserved 
None; not a status cycle 
IF At = 1 then halt; else shutdown 
Memory data read 
Memory data write 

- None; nota status cycle 
Reserved 
/O read 
1/O write 
None; nota status cycle 
Reserved 
Memory instruction read 
Reserved 
None; not a status cycle 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


_~ st et st OO CO +H |S HS HOO CO 
-oO-0-—-0+-0-00+-+0+-0 


Memory/iO Seiect distinguishes memory access from I/O access. !f HIGH during Ts, a memory 
cycle or a halt/shutdown cycle is in progress. if LOW, an !/O cycle or an interrupt acknowledge cycle 
is in progress. M/IO floats to 3-state OFF during bus hold acknowledge. 


Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles. 
Also distinguishes interrupt acknowledge cycles from 1/O cycles. COD/INTA floats to 3-state OFF. 
during bus hold acknowledge. its timing is the same as M/IO. | 


Bus Lock indicates that other system bus masters are not to gain control of the system bus following 
the current bus cycle. The LOCK signal may be activated explicitly by the “LOCK” instruction prefix 

or automatically by 80286 hardware during memory XCHG instructions, interrupt acknowledge, or | 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during bus hold acknowledge. 


Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchronous input requiring setup and hold times relative to the 
system clock be met for correct operation. READY is ignored during bus hold acknowledge. 


Bus Hold Request and Hold Acknowledge control ownership of the 80286 loca! bus. The HOLD 
input allows another local bus master to request control of the local bus. When control is granted, the 
80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold | 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH. 


Interrupt Request requests the 80286 to suspend its current program execution and service a 
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 


Non-maskable interrupt Request interrupts the 80286 with an internally supplied vector vaiue of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word ~ 
does not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, 
and is edge triggered after internal synchronization. For proper recognition, the input must have 
been previously LOW for at least four system clock cycles and remain HIGH for at least four system | 
clock cycles. 
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IAPX 286/10 ADVANCE INFORMATION 


Table 1. Pin Description (Cont.) 


Name and Function 


Processor Extension Operand Request and Acknowledge extend the memory management and protection 
capabilities of the 80286 to processor extensions. The PEREQ input requests the 80286 to perform a date 
operand transfer for a processor extension. The PEACK output signals the processor extension when the 
requested operand is being transferred. PEREQ is active HIGH and floats to 3-state OFF during bus hold 
acknowledge. PEACK may be asynchronous to the system clock. PEACK is active LOW. 


Processor Extension Busy and Error indicate the operating condition of a processor extension 
to the 80286. An active BUSY input stops 80286 program execution on WAIT and some ESC 
instructions until BUSY becomes inactive (HIGH). The 80286 may be interrupted while waiting 
for BUSY to become inactive. An active ERROR input causes the 80286 to perform a processor 
extension interrupt when executing WAIT or some ESC instructions. These inputs are active 
LOW and may be asynchronous to the system clock. / 


System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re- 
initialized at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles. During RESET active, the output pins of the 80286 enter the state shown 


80286 Pin State During Reset 


Pin Value 


1 (HIGH) S0,S1, PEACK, A23-A0, BHE, LOCK 
0 (LOW) M/IO, COD/INTA, HLDA 
3-state OFF D15-Do 


Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi- 
tion of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code from the 
power-on execution address is performed. 


A LOW to HIGH transition of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition 
of RESET may be asynchronous to the system clock; however, in this case it cannot be prede- 
termined which phase of the processor clock will occur during the next system ciock period. 
Synchronous LOW to HIGH transitions of RESET are required only for systems where the 
processor clock must be phase synchronous to another clock. 


System Ground: 0 Volts. 
System Power: +5 Volt Power Supply. 


Substrate Filter Capacitor: a 0.047yf + 20% 12V capacitor must be connected between this pin 
and ground. This capacitor filters the output of the internal substrate bias generator. A maximum DC 
leakage current of 1 pais allowed through the capacitor. 


For correct operation of the 80286, the substrate bias generator must charge this capacitor to its 
operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Voc and CLK reach 
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the 
CPU during this time. After this time, the 80286 processor clock can be phase synchronized to 
another clock by pulsing RESET LOW synchronous to the system clock. 
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introduction 


The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for mul- 
tiple user and multi-tasking systems. Depending on the 
application, the 80286’s performance is up to six times 
faster than the standard 5 MHz 8086's, while providing 
complete upward software compatibility with Intel’s iAPX 
86, 88, and 186 family of CPU's. 


The 80286 operates in two modes: iAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the iAPX 86 and 88 instruction set. 


In iAPX 86 real address mode programs use real ad- 
dresses with up to one megabyte of address space. Pro- 
grams use virtual addresses in protected virtual address 
mode, also called protected mode. In protected mode, 
the 80286 CPU automatically maps 1 gigabyte of virtual 
addresses per task into a 16 megabyte real address 
space. This mode also provides memory protection to 
isolate the operating system and ensure privacy of each 
tasks’ programs and data. Both modes provide the same 
base instruction set, registers, and addressing modes. 


The following Functional Description describes first, the 
base 80286 architecture common to both modes, sec- 
ond, iAPX 86 real address mode, and third, protected 
mode. 


iAPX 286/10 BASE ARCHITECTURE 


The iAPX 86, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80286 processor is upward com- 
patible with the 8086, 8088, and 80186 CPU's. 


16-BIT SPECIAL 


REGISTER REGISTER 
NAME FUNCTIONS 


MULTIPLY/DIVIDE 


BYTE 
ADDRESSABLE 
8-BIT 


REGISTER 


LOOP/SHIFT/REPEAT COUNT 


BASE REGISTERS 


INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


V/O INSTRUCTIONS 


The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into the 
following four categories: 


General Registers: Eight 16-bit general purpose reg- 
isters used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX, and DX) can be used either 
in their entirety as 16-bit words or split into pairs of sep- 
arate 8-bit registers. } 


Segment Registers: Four 16-bit special purpose reg- 
isters select, at any given time, the segments of memory 
that are immediately addressable for code, stack, and 
data. (For usage, refer to Memory Organization.) 


Base and Index Registers: Four of the general pur- 
pose registers may also be used to determine offset ad- 
dresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca- 


tions within a segment. The addressing mode deter- — 


mines the specific registers used for operand address 
calculations. 


Status and Control Registers: The 3 16-bit special 
purpose registers in figure 3A record or control cer- 


tain aspects of the 80286 processor state including — 


the Instruction Pointer, which contains the offset 
address of the next sequential instruction to be 
executed. 


CODE SEGMENT SELECTOR 

DATA SEGMENT SELECTOR 

STACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 
SEGMENT REGISTERS 


t) 
FLAGS 


INSTRUCTION POINTER 
MACHINE STATUS WORD 


STATUS AND CONTROL 
REGISTERS 


Figure 3. Register Set 
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STATUS FLAGS: 
CARRY 

PARITY 
AUXILIARY CARRY 
» ZERO 

SIGN 

OVERFLOW 
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CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS: 
VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


A NNNVANNN'NNNANAANNNUAANNT NAAT ANAUUANANT NANT NNN NNN ES 2 BB 


INTEL RESERVED 


TASK SWITCH 


PROCESSOR EXTENSION EMULATED 


MONITOR PROCESSOR EXTENSION — 


PROTECTION ENABLE 


Figure 3a. Status and Control Register Bit Functions 


Flags Word Description 
The Flags word (Flags) records specific characteristics 


of the result of logical and arithmetic instructions (bits 0, 


2, 4, 6, 7, and 11) and controls the operation of the 80286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 


instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and pro- 
cessor control. These categories are summarized in 
Figure 4. 


_ An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instruc- 
tions (e.g. NOP and HLT) are usually one byte long. One- 
operand instructions (e.g. INC and DEC) are usually two 
bytes long but some are encoded in only one byte. One- 
operand instructions may reference a register or mem- 
ory location. Two-operand instructions permit the follow- 
ing six types of instruction operations: 


—Register to Register 
—Memory to Register 
—Immediate to Register 
—Memory to Memory 
—Register to Memory 
—Immediate to Memory 


Table 2. Flags Word Bit Functions 


Bit 
Position 
Carry Flag—Set on high-order bit 
carry or borrow; cleared otherwise 


Parity Flag—Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


Zero Flag—Set if result is zero; 
cleared otherwise 


Sign Flag—Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


Overflow Flag—Seet if result is a too- 
large pusitive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 


Single Step Flag—Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


Interrupt-enable Flag—When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing DF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and ADD) are usu- 


ally three to six bytes long. Memory to memory opera- 
tions are provided by a special class of string instructions 
requiring one to three bytes. For detailed instruction for- 
mats and encodings refer to the instruction set summary 
at the end of this document. 


IFS. 
A ae 
ae 


For detailed operation and usage of each instruction, see 


Appendix of iAPX 286 Programmer’s Reference Manual 
(Order No. 210498). 


GENERAL PURPOSE 
Move byte or word 


Push word onto stack 


M 
PUSH 


PUSHA 
POPA 


OV 

Pop all registers from stack 
XCHG | Exchangebyteorword 
XLAT 


OUT Output byte or word 


LEA 
LDS 
LES 


FLAG TRANSFER 


Figure 4a. Data Transfer Instructions 


MOVS Move byte or word string 
Input bytes or word string 


ee Se ae ee 


Figure 4c. String Instructions 


Pop word off stack 


Input byte or word 


X 286/10 — 


O 


AA | 


| NEG | Negate byte or word © | | 
ASCIl adjust for subtraction a5 
| DAS | Decimal adjust for subtraction | z ‘s 
MULTIPLICATION ent es pees 
Multiply byte or word unsigned Spe es 


~ 
tJ 


diese ie 
Som } 
eae 


. j ay ~ j ‘ . ¥ 


Add byte or word oa 


Decimal adjust for addition 


SUBTRACTION 3 ? 


Decrement byte or word by 1 - 
Compare byte or word e te 
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ADDITION pigs as 
dd byte or word with carry nee ; 


ING. 4 Increment byte or word by 1 eee ee 
ASCIl adjust for addition oa aes 


IMUL Integer multiply byte or word TEs 


UL 
ASCII adjust for multiply | ae ase | ; 

IDIV Integer divide byte or word Fhe 
ASCIl adjust for division : 


R 


TEST “Test” byte or word 
SHL/SAL Shift logical/arithmetic left byte or word 


SAR 


Rotate left byte or word | 
| ROR | Rotate right byte or word 


Rotate through carry right byte or word 


Divide byte or word unsigned 


Convert byte to word ¢ 
Convert word to doubleword | 


LOGICALS 


“Not” byte or word 


“Exclusive or” byte or word 


SHIFTS | 


Shift logical right byte or word 


Shift arithmetic right byte or word 
ROTATES SS 


Rotate through carry left byte or word 


CL 
R 


Figure 4d. Shift/Rotate/Logical Instructions 
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| AND | __ “And” byte or word : cae 
ae. Seek “Inclusive or’ byte or word. eee 


Subtract byte or word | : — 
Subtract byte or word with borrow | 


UB 
BB 
DEC 
MP 
DAS 
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CONDITIONAL TRANSFERS 


JA/JNBE 
JAE/JNB 
_JB/JNAE 
JG/JNLE 
JGE/JNL 
JUINGE 
JLE/ING 
INC 

| 
2 
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UNCONDITIONAL TRANSFERS 
| Call procedure 
Return from procedure 


CALL 
RET 
JMP 


a 
om 
ao) 


‘ITERATION CONTROLS 


LOOPE/LOOPZ 


LOOPNE/LOOPNZ 


INTERRUPTS 


INT em oe | 
INTO Interrupt if overflow 


IRET Interrupt return 


Loop 

Loop if equal/zero 

Loop if not equal/not zero 
Jump if register CX = 0 


Figure 4e. Program Transfer instructions 


CLC 
CLD 
Cul 


EXTERNAL SYNCHRONIZATION 


BOR 2). Nooperallod 


EXECUTION ENVIRONMENT CONTROL 


LMSW Load machine status word 
| SMSW | Storemachinestatusword 
Figure 4f. Processor Control instructions 
ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit 
BOUND Detects values outside prescribed range 


Figure 4g. High Level Instructions 


Memory Organization 


Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous sequence 
of up to 64K (216) 8-bit bytes. Memory is addressed us- 
ing a two-component address (a pointer) that consists 
of a 16-bit segment selector, and a 16-bit offset. The 
segment selector indicates the desired segment in 
memory. The offset component indicates the desired byte 
address within the segment. 


32-BIT POINTER 


AFN-02060D © 


> 


ht Et a le oa eal SL ei at a 


ATION 


ae ee ee 


IAPX 286/10 


me +* yeas ot 5 — PA ee ee ae ie 


Table 3. Segment Register Selection Rules 


Stack Stack (SS) 


External (Global) Data Extra (ES) 


All instructions that address operands in memory must 
specify the segment and the offset. For speed and com- 
pact instruction encoding, segment selectors are usu- 
ally stored in the high speed segment registers. An 
instruction need specify only the desired segment reg- 
ister and an offset in order to address a memory operand. 


Most instructions need not explicitly specify which seg- 
ment register is used. The correct segment register is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 6) as independent modules that require areas for 
code and data, a stack, and access to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 


Addressing Modes 


The 80286 provides a total of eight addressing modes | 


for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg- 
ister or immediate operands: 


Register Operand Mode: The operand is located in 
one of the 8 or 16-bit general registers. 


immediate Operand Mode. The operand is included 
in the instruction. 


Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
dress consists of two 16-bit components: segment 
selector and offset. The segment selector is supplied by 
a segment register either implicitly chosen by the ad- 
dressing mode or explicitly chosen by a segment over- 
ride prefix. The offset is calculated by summing any 
combination of the following three address elements: 


the displacement (an 8 or 16-bit immediate value 
contained in the instruction) 


the base (contents of either the BX or BP base 
registers) 


the index (contents of either the SI or DI index registers) 


Memory Segment Register Implicit Segment | | 
Reference Needed Used Selection Rule 
Code (CS) Automatic with instruction prefetch 


All stack pushes and pops. Any memory reference which uses BP as a 
base register. i. 


( 
Local Data Data (DS) All data references except when relative to stack or string destination 


Alternate data segment and destination of string operation 


DATA 
I i 


PROCESS 
DATA 
BLOCK 1 


PROCESS 
DATA 
BLOCK 2 


1 i 
Lie ed 
MEMORY 


Figure 6. Segmented Memory Helps 
Structure Software 


Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign extended to 16-bit values. 


Combinations of these three address elements define 
the six memory addressing modes, described below. 
Direct Mode: The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement element. 


Register Indirect Mode: The operand’s offset is in one 
of the registers SI, DI, BX, or BP. ; 


Based Mode: The operand’s offset is the sum of an 8 or 


16-bit displacement and the contents of a base registe 


(BX or BP). . 
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Indexed Mode: The operand’s offset is the sum of an 8 
or 16-bit displacement and the contents of an index reg- 
ister (SI or Di). 


Based Indexed Mode: The operand’s offset is the sum 
of the contents of a base register and an index register. 


Based Indexed Mode with Displacement: The oper- 
and’s offset is the sum of a base register’s contents, an 
index registers contents, and an 8 or 16-bit displacement. 


Data Types 
The 80286 directly supports the following data types: 

_ Integer: A signed binary numeric value con- 
a) : tained in an 8-bit byte or a 16-bit word. 
All operations assume a 2’s comple- 
ment representation. Signed 32 and 64- 
bit integers are supported using the :APX 
286/20 Numeric Data Processor. 


Ordinal: An unsigned binary numeric value con- 
j tained in an 8-bit byte or 16-bit word. 
Pointer: A 32-bit quantity, composed of a seg- 


ment selector component and an offset 
component. Each component is a 16-bit 


word. 

String: A contiguous sequence of bytes or 
words. A string may contain from 1 byte: 
to 64K bytes. 

ASCII: A byte representation of alphanumeric 


and control characters using the ASC!! 
standard of character representation. 


BCD: A byte (unpacked) representation of the 
~ decimal digits 0-9. 


Packed BCD: A byte (packed) representation of two 
decimal digits O—9 storing one digit in 
each nibble of the byte. 


Floating Point: A signed 32, 64, or 80-bit real number 
representation. (Floating point operands 
are supported using the iAPX 286/20 
Numeric Processor configuration.) 


Figure 7 graphically represents the data types sup- 
ported by the iAPX 286. 


i/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
I/O instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. 8-bit port addresses are 
zero extended such that A;>5—Ag are LOW. I/O port ad- 
dresses 00F8(H) through OOFF(H) are reserved. 
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7 
SIGNED 
BYTE 


SIGN BIT | j 
MAGNITUDE 


7 0 
UNSIGNED 
BYTE 


L wsB 
MAGNITUDE 
jsut Pg Oy 
SIGNED 
WORD 
SIGN BIT~, -_MSB 
MAGNITUDE 
SIGNED 31 +3 +2 16 15 +1 0 0 
DOUBLE 
WORD* 


SIGN BiT-! i- MSB 
MAGNITUDE 


+7 +6 +5 +4 +3 +2 = +41 
SIGNED 63 47 1 16 15 
QUAD 
WORD* 
SIGN BiT-,“- MSB 
MAGNITUDE 
ae ie era 
UNSIGNED 
WORD 
_MSB 
MAGNITUDE 
+N +1 0 
@ BINARY 7 Oo 7 07 
cer BCD BCD BCD 
BCD 
(Bee) DIGIT N DIGIT 1 DIGIT 0 
7 +N 9 WU ee 2 Bote 
ASCH 
ASCi! ASCli ASCIil 
CHARACTERN CHARACTER, CHARACTER) 


7 [Fhe ae oi dure 


7 +N. 9 
PACKED 
' fio 


Beis 3 
MOST LEAST 
SIGNIFICANT DIGIT SIGNIFICANT DIGIT 
7s +N 9 715 +1 go745 9 4 
STRING 
BYTE/WORD N BYTE/WORD 1 BYTE/WORDO 
31 +3 +2 16 15 +1 0 0 
POINTER 
SELECTOR OFFSET 


+9 +8 +7 #++6 +5 +4 #=++3 «+2 «471 0 5 
FLOATING 
POINT“ 


SIGN BIT ; 
EXPONENT MAGNITUDE 


*Supported by iAPX 286/20 Numeric Data Processor Configuration 


Figure 7. iAPX 286 Supported Data Types 
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Table 4. interrupt Vector Assignments <p gears ae 
Does Return Address | 
Function oe i a PointtoInstruction {| — 
| Causing Exception? | = 
Divide errorexception _ 0 DIV, IDIV Yes ae Sore 
NMI interrupt 2 INT 2 or NMI pin <¢ 
Breakpoint interrupt 3 : Sige pe 
INTO detected overflow exception [eee No ees ates 
| BOUNDrangeexceededexception Ss || 5 ~—s| BOUND Yoo.) eae 
6 __| Anyundefined opcode Yea tg ele 
Processor extension not available exception = ESC or WAIT . Yes — ae Ste 
Intel reserved—do not use Cs eee A 
ESC or WAIT Reger 
. eee tt 
User defined | eo : Oe Se 
Interrupts eed 
An interrupt transfers execution to a new program loca- the interrupt flag bit (IF) in the flag word. All 224 user 
tion. The old program address (CS:IP) and machine state defined interrupt sources can share this input, yetthey a 
(Flags) are saved on the stack to allow resumption can retain separate interrupt handlers. An 8-bit vector wie is 
of the interrupted program. Interrupts fall into three read by the CPU during the interrupt acknowledge se- i 
classes: hardware initiated, INT instructions, andinstruc- quence (discussed in System Interface section) identi; 
tion exceptions. Hardware initiated interrupts occur fies the source of the interrupt. | ae Ree 
in response to an external input and are classified Further maskable interrupts are disabied wnile servic- Radiat 
as non-maskable or maskable. Programs may cause ing an interrupt by resetting the IF but as part of the 
oe PAGER DE NAT a sy T ple CRON: irda ie Soom response to an interrupt or exception. The saved flag res 
ORS ees when a unusual PONCIIAN, wich ure word will reflect the enable status of the processor prior ie 
warns further nStnelON een detected ee to the interrupt. Until the flag wordisrestoredtotheflag 
samme tied as wisiohaerst oa reuaenore Tike basen ~ register, the interrupt flag will be zero unless specifically | j Se 
Gress Tom sn exception ‘will-always point at the in- set. The interrupt return instruction includes restoring 
Bi Dewe petne reg mi GREP HOP ATIC IEVE Rael SRY EHNA ie, flag word, thereby restoring the originaistatusof{F 
instruction prefixes. Pee 
A table containing up to 256 pointers defines the proper NON-MASKABLE INTERRUPT REQUEST (NMI). jee cc 
interrupt service routine for each interrupt. Interrupts 0O— A non-maskable interrupt input (NMI) is also provided’ ie 
31, some of which are used for instruction exceptions, NMI has higher priority than JNTR. A typical use of NMI ae 
are reserved. For each interrupt, an 8-bit vector must be ‘would be to activate a power failure routine. The activa. | 
supplied to the 80286 which identifies the appropriate tion of this input causes an interrupt with an internally 
table entry. Exceptions supply the interrupt vector inter- supplied vector value of 2. No externa! interrupt ace 
nally. INT instructions contain or imply the vector and knowledge sequence is performed. | Fa 
allow access to all 256 interrupts. Maskable hardware a et 
initiated interrupts supply the 8-bit vector to the CPU While executing the NMI servicing procedure, the 80286 _ ae 
during an interrupt acknowledge bus sequence. Non- will service neither further NMI requests, INTR re- - ah 
maskable hardware interrupts use a predefined inter- quests, nor the processor extension segment overrun 
interrupt until an interruptreturn (RET) instructionisex- =, 


nally supplied vector. 


MASKABLE INTERRUPT (INTR) 


The 80286 provides a maskable hardware interrupt re- 


quest pin, INTR. Software enables this input by setting 


4-11 


ecuted or the CPU is reset. If NM! occurs while currently 


servicing an NMI, its presence will be saved for servic- _ 


ing after executing the first IRET instruction. iF is cleared 
at the beginning of an NM! interrupt to inhibit INTR 
interrupts. 
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6 The 80286 has an internal interrupt that allows pro- 


grams to execute one instruction at atime. Itis called the 
single step interrupt and is controlled by the single step 


_ flag bit (TF) in the flag word. Once this bit is set, an inter- 


nal single step interrupt will occur after the next instruc- 


tion has been executed. The interrupt clears the TF bit 


and uses an internally supplied vector of 1. The IRET 


instruction is used to set the TF bit and transfer control | 
to the next instruction to be single stepped. 


Interrupt Priorities 
_ When simultaneous interrupt requests occur, they are 


processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the inter- 
rupt handler. If other interrupts remain enabled they are 
processed before the first instruction of the current in- 
terrupt handler is executed. The last interrupt processed 


is therefore the first one serviced. 


Table 5. Interrupt Processing Order — 


Instruction exception 
Single step 


Processor extension segment overrun 
INTR : 
INT instruction . 


Initialization and Processor Reset 


Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE- 
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also, sets some 
registers to predefined values as shown as shown in 


Tabie 6. 


Fiag word 

Machine Status Word 
Instruction pointer 
Code segment 

Data segment 

Extra segment 

Stack segment 


0002(H) 
FFFO(H) 
FFFO(H) 
FO00(H) 
0000(H) 
0000(H) 
0000(H) 


- Machine Status Word Description 


The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 7, 


control the processor extension interface. After RESET, : 


this register contains FFFO(H) which places the 80286 
iniAPX 86 real address mode. 


Table 7. MSW Bit Functions 


Protected mode enable piaces the 
80286 into protected mode and can 
not be cleared except by RESET. 


Monitor processor extension al- 
lows WAIT instructions to cause a 
processor extension not present 
exception (number 7). 


Emulate processor extension 
Causes a processor extension not 
present exception (number 7) on 
ESC instructions to allow emulat- 
ing a processor extension. 


Task switched indicates the next 
instruction using a processor ex- 
tension will cause exception 7, al- 
lowing software to test whether the 
current processor extension con- 
text belongs to the current task. 


The LMSW and SMSW instructions can load and store 
the MSW in real address mode. The recommended use 
of TS, EM, and MP is shown in Table 8. 


Table 8. Recommended MSW Encodings For Processor Extension Control 


Recommended Use 


Initial encoding after RESET. 
iAPX 86,88. 


Instructions 
Causing 
Exception 7 


iAPX 286 operation is identical to 


No processor extension is available. Software will emulate its function. 
No processor extension is available. Software will emulate its function. The current 


processor extension context may belong to another task. 


A processor extension exists. 


A processor extension exists. The current processor extension context may belong to 
another task. The Exception 7 on WAIT allows software to test for an error pending 
from a previous processor extension operation. 
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Halt 

The HLT instruction stops program execution and pre- 
vents the CPU from using the locaj bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
80286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


iAPX 86 REAL ADDRESS MODE 


The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in real address mode. In real 
address mode the 80286 is object code compatible with 
8086 and 8088 software. The real address mode archi- 
tecture (registers and addressing modes) is exactly as 
described in the iAPX 286/10 Base Architecture section 
of this Functional Description. 


Memory Size 


Physical memory is a contiguous array of up to 
1,048,576 bytes (one megabyte) addressed by pins 
Ag through A;g and BHE. Ago through Aj, may be 
ignored. ; . 


Memory Addressing 


In real address mode physical memory is a contiguous 
array ofup to 1,048,576 bytres (one megabyte) addressed 
by pins A, through A; and BHE. Agp through Ap, may be 
ignored. 


The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 8 for a graphic representation of ad- 
dress formation. | 


All segments in real address mode aie 64K bytes in size 
and may be read, written, or executed. An exception or 
interrupt can Occur if data operands or instructions at- 
tempt to wrap around the end of a segment (e.g. a word 
with its low order byte at offset FFFF(H) and its high 
order byte at offset 0000(H)). If, in real address mode, 
the information contained in a segment does not use the 
full 64K bytes, the unusec 3nd of the segment may be 
overlayed by another segment to reduce physical mem- 
ory requirements. 


Reserved Memory Locations 


The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 9); systern initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) thorugh FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO(H). 
Locations 00000(H) througin OO3FF‘H) are reserved for 
interrupt vectors. 
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SEGMENT 
ADDRESS 


20-BiIT PHYSICAL 
MEMORY ADDRESS 


Figure 8. iAPX 86 Real Address Mode Address 


Calculation 


FFFFFH 
RESET BOOTSTRAP 


Pp 
PROGRAM JUM FFFFOH 


INTERRUPT POINTER 
FOR VECTOR 255 


e 
. 


INTERRUPT POINTER 
FOR VECTOR 1 


INTERRUPT POINTER 
FOR VECTOR 0 


INITIAL CS:IP VALUE IS F000:FFFO. 


Figure 9. iAPX 86 Real Address Mode Initially 


Reserved Memory Locations 
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Table 9. Real Address Mode Addressing Interrupts 


eae Interrupt Related Return Address 
; Number Instructions Before Instruction? 
Interrupt table limit too small exception ces ae INT vector is not within table limit Bees eee 


Processor extension segment overrun ESC with memory operand extend- 
interrupt ing beyond offset FFFF(H) 
Word memory reference with offset Yes 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 


Segment overrun exception ed 


Interrupts 


Table 9 shows the interrupt vectors reserved for excep- 


tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be- 
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or POPA). Refer to the next 
section on protected mode initialization for a discussion 


— onexception 8. 


Protected Mode Initialization 


To prepare the 80286 for protected mode, the LIDT in- 
struction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the in- 
terrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to OO0000(H) and 
its size set to O3FF(H). These values are compatible 
with iAPX 86, 88 software. LIDT should only be exe- 
cuted in preparation for protected mode. 


Shutdown 


Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by A; HIGH for halt 
and A; LOW for shutdown. In real address mode, shut- 
down Can occur under two conditions: 


e Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 


© A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the . 


IDT limit is at least OOOF(H) and SP is greater than 


-0005(H), otherwise shutdown can only be exited via the 


RESET input. 


PROTECTED VIRTUAL ADDRESS MODE 


The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 


The 80286 enters protected virtual address mode from 
real address mode by setting the PE (Protection En- 
able) bit of the machine status word with the Load Ma- 
chine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new oper- 
ations to support operating systems and virtual memory. 


All registers, instructions, and addressing modes de- 
scribed in the iAPX 286/10 Base Architecture section of 
this Functional Description remain the same. Programs 
for the iAPX 86, 88, 186, and real address mode 80286 
can be run in protected mode; however, embedded con- 
stants for segment selectors are different. 


Memory Size 


The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins Ao3— 
Ao and BHE. The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory loca- 
tion will cause a restartable exception. 


Memory Addressing 


As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset com- 
ponents. The selector, however, specifies an index into 
a memory resident table rather than the upper 16-bits of 
a real memory address. The 24-bit base address of the 
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desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Figure 10. The 
tables are automatically referenced by the CPU when- 
ever a segment register is loaded with a selector. All 
iAPX 286 instructions which load a segment register will 
reference the memory based tables without additional 
software. The memory based tables contain 8 byte val- 
ues Called descriptors. 


POINTER 


PHYSICAL MEMORY 
~ 


MEMORY 
OPERAND 


PHYSICAL SEGMENT 


ADDRESS 


SEGMENT 
DESCRIPTOR 
TABLE 


Figure 10. Protected Mode Memory Addressing 


t 


DESCRIPTORS 


Descriptors define the use of memory. Special types of 


descriptors also define new functions for transfer of con- 
trol and task switching. The 80286 has segment de- 
scriptors for code, stack and data segments, and system 
control descriptors for special system data segments and 
control transfer operations. Descriptor accesses are 
performed as locked bus operations to assure descrip- 
tor integrity in multi-processor systems. ; 


CODE AND DATA SEGMENT DESCRIPTORS (S = 1) 
Besides segment base addresses, code and data de- 


scriptors contain other segment attributes including 


segment size (1 to 64K bytes), access rights (read only, 
read/write, execute only, and execute/read), and pres- 


ence in memory (for virtual memory systems) (See Fig- — = 


ure 11). Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


Code or Data Segment Descriptor 


INTEL RESERVED* 


eles lt ss 


BASE15-0 


ACCESS 
RIGHTS BYTE 


Access Rights Byte Definition 


Present (P) 


Segment is mapped into physical memory. 


No mapping to physical memory exists, base and limit are not used. 


Descriptor Privilege 
Level (DPL) 
Segment Descrip- 
tor (S) 


Executable (E) 
Expansion Direc- 
tion (ED) 


Writeable (W) 


MmMmMiInnm 


Executable (E) 
Conforming (C) 


oOmiIss 


Readable (R) 


7 Type Field Definition 


Segment privilege attribute used in privilege tests. 


Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 


Data segment descriptor type is: 

0 Expand up segment, offsets must be < limit. 
Expand down segment, offsets must be > limit. 
Data segment may not be written into. 

Data segment may be written into. 


Code Segment Descriptor type is: If 
Code segment may only be executed when CPL = DPL 
and CPL remains unchanged. 

Code segment may not be read. 

Code segment may be read. 


Code 
Segment 
(S oa 7. 
E =.1) 


Figure 11. Code and Data Segment Descriptor Formats 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment descrip- 
tors (S = 1). Code segments are identified by the execu- 
table (E) bit set to 1 in the descriptor access rights byte. The 


access rights byte of both code and data segment descrip- 


tor types have three fields in common: present (P) bit, 
Descriptor Privilege Level (DPL), and accessed (A) bit. 


If P = 0, any attempted use of this segment will cause 
- anot-present exception. DPL specifies the privilege level 
- ofthe segment descriptor. DPL controls when the descrip- 

tor may be used by a task (refer to privilege discussion 


below). The A bit shows whether the segment has been 


2 previously accessed for usage profiling, a necessity for 


virtual memory systems. The CPU will always set this bit 
when accessing the descriptor. 


Data segments (S = 1, E=0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W=0) data segments may not be writ- 


_ ten into. Data segments may grow in two directions, as 


determined by the Expansion Direction (ED) bit: up- 
wards (ED=0) for data segments, and downwards 
(ED = 1) for a segment containing a stack. The limit field 


for a data segment descriptor is interpreted differently 


depending on the ED bit (see Figure 11). 


A code segment (S=1, E=1) may be execute-only 
or execute/read as determined by the Readable (R) 
bit. Code segments may never be written into and 
execute-only code segments (R=0) may not be read. 
A code segment may also have an attribute called 


conforming (C). A conforming code segment may be 
shared by programs that execute at different privi- 


lege levels. The DPL of a conforming code segment 
defines the range of privilege levels at which the 
segment may be executed (refer to privilege discus- 
sion below). The limit field identifies the last byte of 
a code segment. 


SYSTEM SEGMENT DESCRIPTORS (S = 0, TYPE = 1-3) 


In addition to code and data segment descriptors, the pro- 
tected mode 80286 defines System Segment Descriptors. 
These descriptors define special system data segments 
which contain a table of descriptors (Local Descriptor 
Table Descriptor) or segments which contain the execu- 
tion state of a task (Task State Segment Descriptor). 


Figure 12 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The 
access byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P = 1. If P = 0, the 
segment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privilege). 


. Since the Local Descriptor Table descriptor may only be 


used by a special privileged instruction, the DPL field is 


~ _ not used. Bit 4 of the access byte is 0 to indicate that it 
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System Segment Descriptor 


Description 


1 Available Task State Segment (TSS) 
2 Local Descriptor Table 
3 Busy Task State Segment (TSS) 


Descriptor contents are not valid 
Descriptor contents are valid 


Descriptor Privilege Level 
24-bit | Base Address of special system data 
number | segment in real memory 
LIMIT | 16-bit | Offset of last byte in segment 
number 


Figure 12. System Segment Descriptor Format 


is a system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 


GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points within 
the target code segment. The gate descriptors are call 
gates, task gates, interrupt gates and trap gates. Gates 
provide a level of indirection between the source and 
destination of the control transfer. This indirection allows 
the CPU to automatically perform protection checks and 
control entry point of the destination. Call gates are used 
to change privilege levels (see Privilege), task gates are 
used to perform a task switch, and interrupt and trap 
gates are used to specify interrupt service routines. The 
interrupt gate disables interrupts (resets IF) while the 
trap gate does not. 


Figure 13 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment de- 
scriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task 
state segment. Since task gates invoke a task switch, 
the destination offset is not used in the task gate. 


Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de- 
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INTEL RESERVED* 


WORD 
Plo te) nee bx 4] coun, 


DESTINATION SELECTOR}s-2 


DESTINATION OFFSET 5-9 


15 87 


*Must be set to 0 for compatability with IAPX 386. (X is don’t care) 


—Call Gate 


—Descriptor Contents.are not 
valid 

—Descriptor Contents are 

valid 


Descriptor Privilege Level 


Number of words tocopy | 
from callers stack to called 

procedures stack. Only used 
with call gate. 


Selector to the target code 
segment (Call, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION | 16-bit | Entry point within the target 
OFFSET offset | code segment 


Figure 13. Gate Descriptor Format 


DESTINATION 
SELECTOR 


scriptor type. The word count field is used in the call gate 
descriptor to indicate the number of parameters (0-31 
words) to be automatically copied from the caller's stack 
to the stack of the called routine when a control transfer 
changes privilege levels. The word count field is not used 
by any other gate descriptor. 


The access byte format is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P 
= O indicates the contents are not valid and causes ex- 


PROGRAM VISIBLE 


ACCESS 
SEGMENT SELECTORS 


15 0 


SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


RIGHTS SEGMENT PHYSICAL BASE ADDRESS 


ception 11 if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal 0 to indicate a system control descriptor. The type 


field specifies the descriptor type as indicated in Figure - 


13. 


SEGMENT DESCRIPTOR CACHE REGISTERS 


A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a seg- 
ment descriptor cache register (Figure 14) whenever the 
associated segment register is loaded with a selector. 
Only segment descriptors may be loaded into segment 


descriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They only 
change when a segment register is loaded. 


SELECTOR FIELDS 


A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (T1), 
and selector privilege (RPL) as shown in Figure 15. These 
fields select one of two memory based tables of descrip- 
tors, select the appropriate table entry and allow high- 
speed testing of the selector’s privilege attribute (refer 
to privilege discussion below). | 


SELECTOR 


32 1°0 


NAME FUNCTION 


INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 


REQUESTED 
PRIVILEGE 
LEVEL 


(RPL) 


TABLE Ti = 0 USE GLOBAL DESCRIPTOR TABLE 

INDICATOR (GOT) 

(TI) Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LOT) 


SELECT DESCRIPTOR ENTRY IN TABLE 


PROGRAM INVISIBLE 


SEGMENT SIZE 


SEGMENT DESCRIPTOR CACHE REGISTERS 
(AUTOMATICALLY LOADED BY CPU) 


Figure 14. Descriptor Cache Registers 
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~Task Gate descriptor cache registers. Once loaded, all references 
—Interrupt Gate to that segment of memory use the cached descriptor ; 
| —Trap Gate information instead of reaccessing the descriptor. The 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 


Two tables of descriptors, called descriptor tables, con- 


3 _ tain all descriptors accessible by a task at any given time. 


A descriptor table is a linear array of up to 8192 descrip- 
tors. The upper 13 bits of the selector value are an index 
into a.descriptor tabie. Each table has a 24-bit base reg- 
ister to locate the descriptor table in physical memory 
and @ 16-bit limit register that confine descriptor access 
to the defined limits of the table as shown in Figure 16. A 
restartabie exception (13) wil! occur if an attempt is made 
to reference a descriptor ouiside the table limits. 


One table, called the Globa! Descriptor Table (GDT), 
coniains descriptors available to all tasks. The other ta- 
ble, called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain alli de- 
scriptor types except interrupt and trap descriptors. The 
LDT may contain only segment, task gate, and cali gate 
descriptors. A segment cannot be accessed by a task if 
its segment descriptor does not exist in either descriptor 
table at the time of access. 


CURRENT 
LD 


3 


i 


Figure 16. Locai and Global Descriptor 
Table Definition 


The LGDT and LLDT instructions load the base and limit 
of the global and loca! descriptor tables. LGDT and LLDT 


_ are privileged, i.e. they may only be executed by trusted 


programs operating at level 0. The LGDT instruction loads 
a six byte field containing the 16-bit table limit and 24-bit 
physical base address of the Global Descriptor Table as 
shown in Figure 17. The LDT instruction loads a selector 
which refers to a Local Descriptor Table descriptor con- 
taining the base address and limit for an LDT, as shown 
in Figure 12. 
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7 0 
INTEL RESERVED* BASE23-16 
BASE:s_o 
Ot peieter 
15 8 7 0 


*Must be set to 0 for compatability with IAPX 386. 


Figure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 


INTERRUPT DESCRIPTOR TABLE 


The protected mode 80286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
18), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 


(Interrupt Descriptor Table) has a 24-bit physical base 
and 16-bit limit register in the CPU. The privileged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
17 and Protected Mode Initialization). 


NN MEMORY “N 


GATE FOR 
INTERRUPT #n 
GATE FOR 
INTERRUPT #n-1 


INTERRUPT 
DESCRIPTOR 
TABLE 


GATE FOR 
IDT LIMIT INTERRUPT #1 
GATE FOR 
INTERRUPT #0 
IDT BASE ' 


Figure 18. Interrupt Descriptor Tabie Definition 


References to IDT entries are made via INT instruc- 
tions, external interrupt vectors, or exceptions. The IDT 
must be at least 256 bytes in size to allocate space for 
all reserved interrupts. 


Privilege 

The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and ac- 
cess to descriptors (and their associated segments) within 
a task. Four-level privilege, as shown in Figure 19, is an 
extension of the user/supervisor mode commonly found 
in minicomputers. The privilege levels are numbered 0 
through 3. Level 0 is the most privileged level. Privilege 
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APPLICATIONS 
CPU 
ENFORCED 
SOFTWARE 


INTERFACES ae EXTENSIONS 


HIGH SPEED 
OPERATING 
SYSTEM ~ 
INTERFACE 


NOTE: PL BECOMES NUMERICALLY LOWER AS PRIVILEGE LEVEL - 
INCREASES 


Figure 19. Hierarchical Privilege Levels 


levels provide protection within a task. (Tasks are isolated 
_ by providing private LDT’s for each task.) Operating 
system routines, interrupt handlers, and other system soft- 
ware can be included and protected within the virtual 
address space of each task using the four levels of privi- 
lege. Each task in the system has a separate stack for 
each of its privilege levels. 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 


TASK PRIVILEGE 


A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is called the Current Privilege Level (CPL) and is 
_ defined by the lower two bits of the CS register. CPL 
cannot change during execution in a single code seg- 
ment. A task’s CPL may only be changed by control 
transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin executing 
at the CPL value specified by the code segment selec- 
tor within TSS when the task is initiated via a task 
switch operation (See Figure 20). A task executing at 
Level 0 can access ali data segments defined in the 
GDT and the task’s LDT and is considered the most 
trusted level. A task executing a Level 3 has the most 
restricted access to data and is considered the least 
trusted bhi 


DESCRIPTOR PRIVILEGE 
Descriptor privilege is specified by the Descriptor Privi- 
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lege Level (DPL) field of the descriptor access byte. DPL eh 
specifies the least trusted task privilege leve! (CPL) at 

which a task may access the descriptor. Descriptors with | 
DPL = 0 are the most protected. Only tasks executing 


at privilege level O (CPL = 0) may access them. De- 


scriptors with DPL = 3 are the least protected (i.e. have 


the least restricted access) since tasks can access them — 


when CPL = 0, 1, 2, or 3. This rule applies to all oe 
tors, except LDT descriptors. 


SELECTOR PRIVILEGE 


Selector privilege is specified by the Requested Privi- 


lege Level (RPL) field in the least significant two bits ofa 
selector. Selector RPL may establish a less trusted priv- 
ilege level than the current privilege level for the use of a 


selector. This level is called the task’s effective privilege — 


level (EPL). RPL can only reduce the scope of a task’s 
access to data with this selector. A task’s effective privi- 
lege is the numeric maximum of RPL and CPL. A selec- 
tor with RPL = 0 imposes no additional restriction on its 
use while a selector with RPL = 3 can only refer to seg- 
ments at privilege Level 3 regardless of the task’s CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to 


use data at a more privileged level than the caller (refer 


to pointer testing instructions). 


Descriptor Access and Privilege Validation 


Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac- 
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, ES or SS). 


DATA SEGMENT ACCESS 


Instructions that load selectors into DS and ES must 
refer to adata segment descriptor or readable code seg- 
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (nu- 
merically equal to or lower than) than the descriptor DPL. 
In general, a task can only access data segments at the 
same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 


An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 


If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe- 
cute only code segment) exception 13 occurs. If the seg- 
ment is not present, exception 11 is generated. 
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ADVANCE INFORMATION — 


Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
_ other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes excep- 
tion 12. 


CONTROL TRANSFER 


Four types of control transfer can occur when a selector 
is loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the oper- 
ation which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through acall gate or RET toa Task State 
¢ egment) will cause exception 13. 


The ability to reference a descriptor for control transfer 
is; also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming seg- 
ment with DPL of equal or greater privilege than CPL. 


The RPL of the selector used to reference the code de- 


scriptor must have as much privilege as CPL. 


RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task’s new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 


When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid Task 


State Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task’s CPL 
generates exception 13. 


When an instruction or interrupt references a gate de- 
scriptor, the gate DPL must have the same or less privi- 
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs. If the destination 
selector contained in the gate references a code seg- 
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the 
code segment descriptors DPL is the task’s new CPL. If 
the destination selector in the gate references a task 
state segment, a task switch is automatically performed 
(see Task Switch Operation). 


The privilege rules on control transfer require: 


—JMP or CALL direct to a code segment (code seg- 
ment descriptor) can only be to a conforming segment 
with DPL of equal or greater privilege than CPL or a 
non-conforming segment at the same privilege level. 


—interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 


—return instructions that don’t switch tasks can only re- 
turn control to a code segment at the same or less 
privileged level. 


—task switch can be performed by a call, jump or inter- 
rupt which references either a task gate or task state 
segment at the same or less privileged level. 


Table 10. Descriptor Types Used for Control Transfer 


_ Control Transfer Types 


Intersegment within the same privilege level 


within task may change CPL. 


Intersegment to a lower privilege level (changes task CPL) 


, Descriptor Descriptor 
JMP, CALL, RET, IRET* Code Segment GDT/LDT 
GDT/LDT 


Interrupt Instruction, 
Exception, External 
interrupt Gate 


RET, IRET* Code Segment GDT/LDT 


Intersegment to the same or higher privilege level Interrupt 


Trap or IDT 
interrupt 


CALL, JMP — Task State GDT 
Segment 


CALL, JMP GDT/LDT 


IRET** 
Task Gate IDT 


Task Switch 


Interrupt Instruction, 

Exception, External 

interrupt 
“NT (Nested Task bit of flag word) = 0 

*“NT (Nested Task bit of flag word) = 1 
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PRIVILEGE LEVEL CHANGES 


Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1, and 2 are kept 
in the task state segment (refer to Task Switch Opera- 
tion). During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and SP registers and 
the previous stack pointer is pushed onto the new stack. 


When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
as specified in the gate, are copied from the previous 
stack to the current stack. The inter-segment RET in- 
struction with a stack adjustment value will correctly re- 
store the previous stack pointer upon return. 


Protection 


The 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g. HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 


Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments 
available for use are defined by descriptors in the Lo- 
cal Descriptor Table (LDT) and Global Descriptor Ta- 
ble (GDT). 


Restricted access to segments via the rules of privi- 
lege and descriptor usage. 


Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (IOPL). The IOPL is 
defined by bits 14 and 13 of the flag word. 


These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta- 
‘ble 11), operand reference checks (Table 12), and privi- 
leged instruction checks (Table 13). Any violation of the 
rules shown will result in an exception. A not-present 
exception related to the stack segment causes excep- 
tion 12. 


The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 

® The IF bit is not changed if CPL > IOPL. 

® The IOPL field of the flag word is not changed if CPL > 0. 
No exceptions or other indication are given when these 
conditions occur. ‘ 


4-21 


Nee. Ft ee eee eee ee ae ee we eee >> >... o. Sad 
re Petes is sk lie . ; aes “ apy ae ad 4 ahr LPB Ge.. S at ae Py ie 
Sate pray Ae orig a BE Se ea I ae ‘ 


TAX 286/10 


> .o £ Te AT 
ook Sige: Hah : re 54 2 4 3 oe ; 
Fae oe a an 5 ax 


Table 11 
Segment Register Load Checks 


Segment descriptor not-present 110r12 
Privilege rules violated ; 


Invalid descriptor/segment type seg- 
ment register load: 
—Read only data segment load to 
SS 


—Special control descriptor load to 
DS, ES, SS 

—Execute only segment load to 
DS, ES, SS 

—Data segment load to CS 

—Read/Execute code segment 

load to SS 2 


Table 12 Operand Reference Checks 


Error Description 


Write into code segment 
Read from execute-only code 
segment 

Write to read-only data segment 
Segment limit exceeded’ 


Note 1: Carry out in offset calculations is ignored. 


120r13 


Table 13. Privileged instruction Checks 


CPL # 0 when executing the following \ 
instructions: 13 . 
LIDT, LLDT, LGDT, LTR, LMSW, 
CTS, HLT 
CPL > IOPL when executing the fol- 
13 
EXCEPTIONS 


lowing instructions: 

INS, IN, OUTS, OUT, STI, CLI, 

LOCK 
The 80286 detects several types of exceptions and inter- 
rupts, in protected mode (see Table 14). Most are restart- 
able after the exceptional condition is removed. Interrupt 
handlers for most exceptions can read an error code, 
pushed on the stack after the return address, that identi- 
fies the selector involved (0 if none). The return address 
normally points to the failing instruction, including all 
leading prefixes. For a processor extension segment over- 
run exception, the return address will not point at the 
ESC instruction that caused the exception; however, the 
processor extension registers may contain the address 
of the failing instruction. 
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Table 14. Protected Mode Exceptions 


Interrupt 
Vector 


Double exception detected 

Processor extension segment overrun 
Invalid task state segment 

Segment not present 

Stack segment overrun or stack segment not present 
General protection 


Return 
Address 
At Failing 
instruction? 


Error 
Code 
on Stack? 


NOTE 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the 
exception will not be restartable because stack segment wrap around is not permitted. This condition is identified 
by the value of the saved SP being eigher 0000(H), 0001(H), FFFE(H), or FFFF(H). 


NOTE 2: These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is Se iacuill not 


attempted under those conditions. 


These exceptions indicate a violation to privilege rules 
or usage rules has occurred. Restart is generally not 
attempted under those conditions. 


_ Allthese checks are performed for all instructions and 
can be split into three categories: segment load checks 
(Table 11), operand reference checks (Table 12); and 


privileged instruction checks (Table 13). Any violation ° 


of the rules shown will result in an exception. A 
not-present exception causes exception 11 or 12 and 
is restartable. 


Special Operations 
TASK SWITCH OPERATION 


The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, ad- 
dress space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is in- 
voked by executing an inter-segment JMP or CALL in- 
struction which refers to a Task State Segment (TSS) or 
task gate descriptor in the GDT or LDT. An INT n instruc- 
tion, exception, or external interrupt may also invoke the 
task switch operation by selecting a task gate descriptor 
in the associated IDT descriptor entry. 


The TSS descriptor points at a segment (see Figure 20) 
containing the entire 80286 execution state while a 
task gate descriptor contains a TSS selector. The limit 
field of the descriptor must be >002B(h). 


Each task must have a TSS associated with it. The cur- 
rent TSS is identified by a special register in the 80286 
called the Task Register (TR). This register contains a 


selector referring to the task state segment descriptor. 


that defines the current TSS. A hidden base and limit 


register associated with TR are loaded whenever TR is - 


loaded with a new selector. 


The IRET instruction is used to return control to the 
task that called the current task or was interrupted. 
Bit 14 in the flag egister is called the Nested Task (NT) 
bit. It controls the function of the IRET instruction. If 
NT = 0, the IRET instruction performs the regular cur- 
rent task return by popping values off the stack; when 
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NT = 1, IRET performs a task switch operation back 
to the previous task: 


When a CALL, JMP, or INT instruction initiates a task 
switch, the old and new TSS will be marked busy and 
the back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL or 
INT initiated task switches. An interrupt that does not 
cause a task switch will clear NT. NT may also be set 
or cleared by POPF or IRET instructions. 


The task state segment is marked busy by changing 
the descriptor type field from Type 1 to Type 3. Use 
of a selector that references a busy task state segment 
causes Exception 13. 


PROCESSOR EXTENSION CONTEXT SWITCHING 


The context of a processor extension (Such as the 80287 
numerics processor) is not changed by the task switch 
operation. A processor extension context need only be 
changed when a different task attempts to use the pro- 
cessor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a pro- 


_cessor extension after a task switch by causing the pro- 


cessor extension not present exception (7). The interrupt 
handler may then decide whether a context change is 
necessary. 


Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro- 
cessor extension context may belong to a different task 
than the current one. The processor extension not pres- 
ent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 


POINTER TESTING INSTRUCTIONS 


The iAPX 286 provides several instructions to speed 
pointer testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 
tions use the memory management hardware to 
verify that a selector value refers to an appropriate 
segment without risking an exception. A condition 
flag (ZF) indicates whether use of the selector or 
segment will cause an exception. 
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‘ Figure 20. Task State Segment and TSS Registers 
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Table 15. 80286 Pointer Test instructions 


Adjust Requested Privi- 
lege Level: adjusts the RPL 
of the selector to the nu- 
meric maximum of current 
selector RPL value and the 
RPL value in the register. 
Set zero flag if selector RPL 
was Changed by ARPL. 


VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be read. 


VERify for Write: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be written. 


Load Segment Limit: reads 
the segment limit into the 
register if privilege rules and 
descriptor type allow. Set 
zero flag if successful. 


Load Access Rights: reads 
the descriptor access rights 
byte into the register if priv- 
ilege rules allow. Set zero 
flag if successful. 


Selector, 
Register 


Selector 


Register, 
Selector 


Register, 
Selector 


DOUBLE FAULT AND SHUTDOWN 


If two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double 
fault exception (8). If an exception occurs during pro- 
cessing of the double fault exception, the 82086 will en- 
ter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
in protected mode) or RESET (CPU exits protected mode) 
can force the 80286 out of shutdown. Shutdown is exter- 
nally signalled via a HALT bus operation with A; HIGH. 


PROTECTED MODE INITIALIZATION 


The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be placed 
at the top of physical memory, Az3.09 will be HIGH 


_ when the 80286 performs memory references 


relative to the CS register until CS is changed. Ao3.09 
will be zero for references to the DS, ES, or SS 
segments. Changing CS in real address mode will 
force Aogz.09 LOW whenever CS is used again. The 
initial CS:IP value of FO00:FFFO provides 64K bytes 
of code space for initialization code without chang- 
ing CS. 


Protected mode operation requires several rec 3- 
ters to be initialized. The GDT and !DT base regis- 
ters must refer to a valid GDT and IDT. After 
executing the LMSW instruction to set PE, the 80286 
must immediately execute an intra-segment JMP 
instruction to clear the instruction queue of instruc- 
tions decoded in real address mode. 
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ADVANCE INFORMATION 


To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with @ selector referring to the 
initial TSS used in the system. This will load the task 
register, local descriptor table register, segment 
registers and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the current task state. 


SYSTEM INTERFACE 


The 80286 systern interface appears in two forms: a 
local bus and a system bus. The loca! bus consists of 
address, data, status, and control signals at the pins of 


_the CPU. A systern bus is any buffered version of the 


local bus. A system bus thay also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The iAPX 286 family in- 
cludes several devices to generate standard system 
buses such as the IEEE 796 standard Multibus™. 


Bus Interface Signals and Timing 


The iAPX 286 microsystem local bus interfaces the 80286 
to local memory and I/O components. The interface has 
24 address lines, 16 data lines, and 8 status and control 
signals. 


The 80286 CPU, 82284 clock generator, 82288 bus- 
controller, 82289 bus arbiter, 8286/7 transceivers, 
and 8282/3 latches provide a buffered and decoded 
system bus interfacé The 82284 generates the 
system clock and synchronizes READY and RESET. 
The 82288 converts bus Operation status encoded 
by the 80286 into Command and bus control signals. 
The 82289 bus arbiter generates Multibus bus 
arbitration signals. These components can provide 
the timing and electrical power drive levels required 
for most system bus interfaces including the Multibus. 


Physical Memory and I/O Interface 


A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed wich the least significant byte stored in 
the lowest address. 


Byte transfers occur 9n either half of the 16-bit local data 
bus. Even bytes aré accessed over D7_) while odd bytes 
are transferred over D4s_3. Even-addressed words are 
transferred over Dj5~5 in one bus cycle, while odd-ad- 
dressed words require two bus operations. The first 
transfers data on Djs_,, and the second transfers data 
on D7_9. Both byte data transfers occur automatically, 
transparent to software. 


Two bus signals, Ag and BHE, control transfers over the 
lower and upper halves of the data bus. Even address 
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byte transfers are indicated by Ag LOW and BHE HIGH. 
Odd address byte transfers are indicated by Aj HIGH 
and BHE LOW. Both Ay and BHE are LOW for even ad- 
dress word transfers. 


The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may 
, be attached to either the upper or lower byte of the data 
bus. Byte-wide I/O devices attached to the upper data 
byte (D;5_g) are accessed with odd I/O addresses. De- 
vices on the lower data byte are accessed with even I/O 
addresses. An interrupt controller such as Intel’s 8259A 
must be connected to the lower data byte (D7_) for proper 
return of the interrupt vector. 


Bus Operation 


The 80286 uses a double frequency, system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro- 
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PCLK) identifies the next phase of the processor 
clock. (See Figure 21.) 


ONE PROCESSOR CLOCK CYCLE 
ONE BUS T STATE : 
PHASE 1 PHASE 2 
OF PROCESSOR Sanat OF PROCESSOR 
CLOCK CYCLE CLOCK CYCLE 


« ONE SYSTEM 
CLK CYCLE 


Figure 21. System and Processor 
Clock Relationships 


Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowl- 
edge, and halt/shutdown. Data can be transferred at a 
maximum rate of one word per two processor clock cycles. 


‘The iAPX 286 bus has three basic states: idle (T;), send 
status (T,), and perform command (T,). The 80286 CPU 
also has a fourth local bus state called hold (T},). Tp, in- 
dicates that the 80286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 


Each bus state is one processor clock long. Figure 22 
shows the four 80286 local bus states and allowed 
transitions. 


The idie (T,) state indicates that no data transfers are - | 


Figure 22. 80286 Bus States 


Bus States 


in progress or requested. The first active state Tg is 


signaled by status line S1 or SO going LOW and identi- | 
fying phase 1 of the processor clock. During Ts, the — 


command encoding, the address, and data (for a write 
operation) are available on the 80286 output pins. The 


82288 bus controler decodes the status signals and % 


generates Multibus compatible read/write command 
and local transceiver contro! signals. 


After Ts, the perform command (T,) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tc, either transferring read data to the CPU or 


accepting write data. T, states may be repeated as — 


often as necessary to assure sufficient time for the 
memory or I/O device to respond. The READY signal 
determines whether Te, is repeated. A repeated T, 
state is called a wait state. 


During hold (T,), the 80286 will float all address, data, 
and status output pins enabling another bus master 
to use the local bus. The 80286 HOLD input signal 
is used to place the 80286 into the T,, state. The 
80286 HLDA output signal indicates that the CPU has 
entered Ty. 


Pipelined Addressing 

The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while allow- 
ing each individual bus operation to last for three 
processor cycles. 
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The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 


the last clock of the current bus operation. Therefore, . _ 
address decode and routing logic can operate in ad- 


/ 


\ 


AFN-02060D 


tae 
5 Ran 
A Ae ba) 


eo EY 


ae 


‘READ BUS CYCLE N- 


CLK \ \ 


y 
PROC CLK 


haar 2 PCLK CYCLE TRANSFER! 


4o3 — Ao eG rs 


$0 @ Si 


VALID ADDR (N) 


READY 


Py aa 


iAPX 286/10 o 


SD (GN KT ED 


‘PIPELINING: VALID ADDRESS (N + 1) AVAILABLE IN LAST PHASE OF BUS CYCLE (N). 


» Me ee uae 2 TS 


—— READ BUS CYCLE N +1 
1 ee —— me Oe ame —— ear. ee 


is \ ie 


2 PCLK CYCLE TRANSFER 
2.5 CLOCK CYCLE ADDRESS TO DATA VALID 


VALID READ 
DATA (N) 


VALID READ 
DATA (N +1) 


Figure 23. Basic Bus Cycle 


| gs: _ vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 


*, _ The 80286 does not’maintain the address of the current 

+ bus operation during all T, states. Instead, the address 

mS for the next bus operation may be emitted during phase 

2 of any T,. The address remains valid during phase 1 

oe of the first T, to guarantee hold time, relative to ALE, for 
= the address latch inputs. 


Bus Control Signals 


The 62288 bus controlier provides control signals; ad- 

dress latch enable (ALE), Read/Write commands, data 

transmit/receive (DT/R), and data enable (DEN) that 

o control the address latches, data transceivers, write en- 
able, and output enable for memory and I/O systems. 


The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
sysiem CL period.of address hold time from the end of 
the prev.ous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
holc time is required to support Multibus® and common 
memory systems. 


The data bus transceivers are controlied by 82288 out- 
puts Data Enabie (DEN) and Data Transmit/Receive (DT/ 
R). DEN enables the data transceivers; while DT/R con- 
trols “ransceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data 
bus transceivers, and system data bus tranceivers. 


. 
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Command Timing Controls 


Two system timing customization options, command ex- 
tension and command delay, are provided on the iAPX 
286 local bus. 


Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 8086. External logic can con- 
trol the duration of any bus operation such that the op- 
eration is only as long as necessary. The READY input 
signal can extend any bus operation for as long as 
necessary. 


Command delay allows an increase of address or write 
data setup time to system bus command active for any 
bus operation by delaying when the system bus com- 
mand becomes active. Command delay is controlled by 
the 82288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY ~ 
is HIGH, the 82288 will not activate the command signal. 
When CMDLY is LOW, the 82288 wili activate the com- 
mand signal. After the command becomes active, the 
CMDLY input is not sampled. 


When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus operations 
require delaying the command. The CMDLY input does 
not affeci the timing of ALE, DEN, or DT/R. 
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Figure 24. CMDLY Controls the Leading Edge of Command Signal. 


Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system CLK for cycle 
N-1 and one system CLK delay for cycle N. 


Bus Cycle Termination 


At maximum transfer rates, the iAPX 286 bus alternates 
between the status and command states. The bus status 
signals become inactive after T, so that they may cor- 
rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
T, exists on the iAPX 286 local bus. The bus master and 
bus controller enter T, directly after T, and continue ex- 
ecuting T, cycles until terminated by READY. 


READY Operation 


The current bus master and 82288 bus controller ter- 
minate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed 
in advance by READY active (open-collector output 
from 82284) which identifies the last T, cycle of the 
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current bus operation. The bus master and bus con-. 
troller must see the same sense of the READY signal, 
thereby requiring READY be synchronous to the 
system clock. 


Synchronous Ready 


The 82284 clock generator provides READY synchro- 
nization from both synchronous and asynchronous — 
sources (see Figure 25). The synchronous ready input 
(SRDY) of the clock generator is sampled with the falling 
edge of CLK at the end of phase 1 of each T,. The state 
of SRDY is then broadcast to the bus master and bus 
controller via the READY output line. 


Asynchronous Ready 


Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready outputs cannot be guaranteed to meet the 82284 

setup and hold time requirements. But the 
82284 asynchronous ready input (ARDY) is designed 
to accept such signals. The ARDY input is sampled at 
the beginning of each T, cycle by 82284 synchroniza- 
tion logic. This provides one system CLK cycle time to 
resolve its value before broadcasting it to the bus 
master and bus controller. 
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Figure 25. Synchronous and Asynchronous Ready 


ARDY or ARDYEN must be HIGH at the end of Ts. 
ARDY cannot be used to terminate bus cycle with 
no wait states. 


Each ready input of the 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter- 
minate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether 


the current bus operation should be terminated by ARDY 
or SRDY. 


Data Bus Control 


Figures 26, 27, and 28 show how the DT/R, DEN, data 
bus, and address signals operate for different combina- 
tions of read, write, and idle bus operations. DT/R goes 
active (LOW) for a read operaton. DT/R remains HIGH 
before, during, and between write operations. 
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The data bus is driven with write data during the second 
phase of T,. The delay in write data timing allows the 
read data drivers, from a previous read cycle, sufficient 
time to enter 3-state OFF before the 80286 CPU begins 
driving the local data bus for write operations. Write data 
will always remain valid for one system clock past the 
last T, to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write- 
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
T.. Ina write-write sequence the data bus does not enter 
3-state OFF between T, and Ts. 


Bus Usage 


The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. | 
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Figure 26. Back to Back Read-Write Cycles 
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Figure 27. Back to Back Write-Read Cycles 
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Figure 28. Back to Back Write-Write Cycles 


HOL.D and HLDA 


HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the 80286 bus into the T}, 
state. The sequence of events required to pass control 
_between the 80286 and another local bus master are 
shown in Figure 29. 


In this example, the 80286 is initially in the T}, state as 
signaled by HLDA being active. Upon leaving T}, as sig- 
_ naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master re- 
quests the local bus from the 80286 as shown by the 


~ HOLD signal. After completing the write operation, the 


80286 performs one Tj bus cycle, to guarantee write data 
hold time, then enters T}, as signaled by HLDA going 
active. 


The CMDLY signal and ARDY ready are used to start 
and stop the write bus command, respectively. Note that 


SRDY must be inactive or disabled by SRDYEN to guar- 


_ antee ARDY will terminate the cycle. 


Instruction Fetching 


The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches in- 
dependent of the byte alignment of the code segment 
base in physical memory. 


The prefetcher will perform only a byte code fetch op- 
eration for control transfers to an instruction beginning 
on anumerically odd physical address. 

Prefetching stops whenever a control transfer or HLT 


instruction is decoded by the IU and placed into the 
instruction queue. 


- In real address mode, the prefetcher may fetch up 


to 6 bytes beyond the last control transfer or HLT 
instruction in a code segment. 


In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to ex- 
ecute beyond the last full instruction in the code 
segment. 


If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any at- 
tempt to execute it causes exception 13. 
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. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state 


Interrupts, Waits, Lock, etc.) 


is ignored after ready is signaled via the asynchronous input. 
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Figure 29. Multibus Write Terminated by Asynchronous lieady with Bus Hold 


et se 


-TAPX 286/10 


“ w r ee. ee ee 2S 
i ee 3 Rice ae 1 ae oe Pike ¢ nes 
- Fra EET yy NL SA NC. Te ge a MeL See eb 
; - NE Sas <a gy A, = z Sore ~ eke An. YF 
. is , Z J x ; i 
= ES Se. ee 


Processor Extension Transfers 


_ The processor extension interface uses I/O port 


addresses 00F8(H), OOFA(H), and OOFC(H) which are | 


part of the I/O port address range reserved by Intel. 


’ An ESC instruction with Machine Status Word bits 


EM = 0 and TS = O will perform I/O bus operations to 
one or more of these I/O port addresses independent 
of the value of IOPL and CPL. 


_ ESC instructions with memory references enable the 


CPU to accept PEREQ inputs for processor extension 


Hee operand transfers. The CPU will determine the operand 


starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with I/O port address 


_ OOFA(H) and one or two bus operations with memory. 


Three bus operations are required for each word oper- 


_ and aligned on an odd byte address. 


Interrupt Acknowledge Sequence 


Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80286 in response to an INTR input. 
An interrupt acknowledge sequence consists of two 
INTA bus operations. The first allows a master 8259A 
Programmable Interrupt Controller (PIC) to determine 
which if any of its slaves should return the interrupt 
vector. An eight bit vector is réad on DO-D7 of the 
80286 during the second INTA bus operation to select 
an interrupt handler routine from the interrupt table. 


The Master Cascade Enable (MCE) signal of the 82288 
is used to enable the cascade address drivers, during 
INTA bus operations (See Figure 30), onto the local ad- 
dress bus for distribution to slave interrupt controllers via 
the system address bus. The 80286 emits the LOCK 
signal (active LOW) during T, of the first INTA bus oper- 
ation. A local bus “hold” request will not be honored until 
the end of the second INTA bus operation. 


Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 8259A. The second INTA bus operation must al- 
ways have at least one extra T, state added via logic 
controlling READY. Ao3—Apg are in 3-state OFF until after 
the first T, state of the second INTA bus operation. This 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra T, state al- 
lows time for the 80286 to resume driving the address 
lines for subsequent bus operations. 
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Local Bus Usage Priorities 


The 80286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta- 
neous requests, their relative priorities are: 


(Highest) Any transfers which assert LOCK either ex- 
plicitly (via the LOCK instruction prefix) or 
implicitly (i.e. segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 


The second of the two byte bus operations 
required for an odd aligned word operand. 


The second or third cycle of a processor 
extension data transfer. 


Local bus request via HOLD input. . 


Processor extension data operand transfer 
via PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 
(Lowest) Aan instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to finish. 


Halt or Shutdown Cycies 


The 80286 externally indicates halt or shutdown condi- 
tions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus operation is signalled when $1, SO and COD/ 
INTA are LOW and M/IO is HIGH. A; HIGH indicates 
halt, and A; LOW indicates shutdown. The 82288 bus 
controller does not issue ALE, nor is READY required to 
terminate a halt or shutdown bus operation. 


During halt or shutdown, the 80286 may service PEREQ 
or HOLD requests. A processor extension segment 
overrun exception during shutdown will inhibit further 
service of PEREQ. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter- 
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt. 
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Data is ignored. 

First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 
Second INTA cycle must have at least one wait state inserted since the CPU will not drive Aj, — Ap, BHE, and LOCK until after the first 
TC state. 
The CPU imposed one/clock delay prevents bus cantention between cascade address buffer being disabled by MCE Vand address 
outputs. 


Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
8259A also requires one wait state for minimum INTA pulse width. 


4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. 


5. 


Aog — Ag exits 3-state OFF during ¢2 of the second T; in the INTA cycle. 


Figure 30. Interrupt Acknowledge Sequence 
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Figure 31. Basic iAPX 286 System Configuration 
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SYSTEM CONFIGURATIONS 


The versatile bus structure of the iAPX 286 microsys- 
tem, with a full complement of support chips, allows flex- 
ible configuration of a wide range of systems. The basic 
configuration, shown in Figure 31, is similar to an iAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82288 Bus Controller. The iAPX 86 latches (8282 
and 8283) and transceivers (8286 and 8287) may be 
used in an iAPX 286 microsystem. 


As indicated by the dashed lines in Figure 31, the ability 

~ to add processor extensions is an integral feature of iAPX 
286 microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80286 supervises all data transfers and instruction 
execution for the processor extension. 


The iAPX 286/20 numeric data processor which in- 
cludes the 80287 numeric processor extension (NPX) 


uses this interface. The iAPX 286/20 has all the instruc- 
tions and data types of an iAPX 86/20 or iAPX 88/20. 
The 80287 NPX can perform numeric calculations and 
data transfers concurrently with CPU program execu- 
tion. Numerics code and data have the same integrity as 
all other information protected by the iAPX 286 protec- 
tion mechanism. 


The 80286 can overlap Chip select decoding and ad- . 


dress propagation during the data transfer for the pre- 
vious bus operation. This information is latched into the 
8282/3's by ALE during the middle of a T, cycle. The 
latched chip select and address information remains 
stable during the bus operation while the next cycles 
address is being decoded and propagated into the sys- 
tem. Decode logic can be implemented with a high speed 
bipolar PROM. 


The optional decode logic shown in Figure 31 takes ad- 
vantage of the overlap between address and data of the 
80286 bus cycle to generate advanced memory and IO- 
select signals. This minimizes system performance 
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Figure 32. Multibus System Bus Interface 


degradation caused by address propogation and de- 
code delays. In addition to selecting memory and |/O, 
the advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 
and M/IO signals are applied to the decode logic to dis- 
tinguish between interrupt, I/O, code and data bus cycles. 


By adding the 82289 bus arbiter chip the 80286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82288 for the Multibus bus is 
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INTERRUPT 
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connected to its CMDLY input to delay the start of com- 
mands one system CLK as required to meet Multibus 
address and write data setup times. This arrangement 
will add at least one extra T, state to each bus operation 
which uses the Multibus. 


A second 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig- 
ure 32. This configuration allows the 80286 to support 
an on-board bus for local memory and peripherals, and 
the Multibus for system bus interfacing. 
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Figure 33. iAPX 286 System Configuration with Dual-Ported Memory 


Figure 33 shows the addition of dual ported dynamic 


‘memory between the Multibus system bus and the iAPX 


286 local bus. The dual port interface is provided by the 
8207 Dual Port DRAM Controller. The 8207 runs syn- 
chronously with the CPU to maximize throughput for lo- 
cal memory references. It also arbitrates between 
requests from the local and system buses and performs 


functions such as refresh, initialization of RAM, and read/ 
modify/write cycles. The 8207 combined with the 8206 
Error Checking and Correction memory controller pro- 
vide for single bit error correction. The dual-ported 
memory can be combined with a standard Multibus sys- 
tem bus interface to maximize performance and protec- 
tion in multiprocessor system configurations. 


Table 16. 80286 Systems Recommended Pull up Resistor Values 


: 


RR BO NS 20K 10% 
6 — PEA 


53 — ERROR 20KA + 10% 
54 — BUSY 
3 ~REA 


E 
63 -- READY 9100 + 5% 


80286 Pin and Name 


Pull SO, S17, and PEACK inactive during 80286 hold periods 


Pull ERROR and BUSY inactive when 80287 not present 
(or temporarily removed from socket) 


Pull READY inactive within required minimum time (C, = 150pF, 
lz =< 7mA) 
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PACKAGE . Ae 
The 80286 is packaged in a 68-pin, leadless JEDEC % 
type A hermetic leadiess chip carrier. Figure 34 illus- ; “sf 
trates the package, and Figure 2 shows the pinout. 3 

- 

i 


-130 
(3.30) 


INCHES 
(MILLIMETERS) 


Figure 34. JEDEC Type A Package 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature UnderBias.......... 0°C to 70°C 
Storage Temperature............. —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Grund. ss i. eerie lee nes —1.0t0 +7V 
POE DISSIDGUOO 6 acd fa ee ones Lewes «he 3.6 Watt 


*NOTICE: Stresses above those listed under ‘‘Absolute Max- 
imum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to. absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. CHARACTERISTICS = (1, =0°C to 55°C, Veg = SV, + 5%) 


Min 
InputLOW Voltage | - 8 
InputHIGH Voltage | 2.0 | 
[CLK Input LOW Voltage | -5 | 
JOutputLOw Voltage | | 
. 


Supply Current (turn on, 0°C) 
CLK Input Capacitance 


Other Input Capacitance 


Input/Output Capacitance 


10 
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NOTE 1: Low temperature is worst case. 


Test Condition 
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‘A.C. CHARACTERISTICS = 1, =0°C to 55°C, Vgg = 5V, + 5%) 


i = ; f oe AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted. 


11 
Note 2 Note 3 
Note 2 Note 3 


| 
fot cay: NOTE: 1: Asychronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specitication is given only for testing : 
as purposes, to assure recognition at a specific CLK edge. 
“5 . “2 aa NOTE: 2: Delay from 0.8V on the CLK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition. 


NOTE: 3: Output load: C1 = 100pF. 
NOTt: 4: Float condition occurs when output current is less than |, 9 in magnitude. 


82284 Timing Requirements 


Poo Le ees ee 
[Parameter «|i. (| Max | Min | Max 
TSROVISROVEN setuptime | 25 |_| 1 [| 
TSROV/SROVENnoldtime | o | | 0 | 
[AROVIAROYEN setuptimne [5 || 0 | 

Se ERIE So STS 


Test Conditions 


ARDY/ARDYEN hold time 


PCLK delay 


NOTE : These times are given for testing purposes to assure a predetermined action. 


82288 Timing Requirements 
82288-6 


82288 


pie savas lah 
i Test Conditions 
Satie 
C, = 300 pF max 


lo. = 32 ma max 
lo = 5 ma max 


12 


13 
30 Command delay|Command Inactiv: 
as From CLK 


16 

17 [ALE inactive delay Sid 

[49 [DT/Rread active delay SiS 

| 22 |DT/Rreadinactivedelay ss || 5 =| =645 ~~ | «10 =| S40 
eae Da 
“SER 
ee 
sem 


C, = 150 pF 
Jo, = 16 ma max 
lon = -1 ma max 


20 
21 
23 
[24 [DEN write inactive delay 


; 

: 
Cc 
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80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 


80286 ASYNCHRONOUS INPUT SIGNAL TIMING 


BUS CYCLE TYPE 


INTR,NMI 
HOLD,PEREQ 
(SEE NOTE 2.) 
(SEE NOTE 1.) 


NOTE 1: When RESET meets the setup time shown, the next CLK 
NOTES: will start or repeat ¢2 of a processor cycle. 
1. PCLK indicates which processor cycle phase will occur on the 
next CLK. PCLK may not indicate the correct phase until the first 
.bus cycle is performed. 


2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 


EXITING AND ENTERING HOLD 


(SEE NOTE 4.) 


(SEE NOTE 1.) 


NOTES: 

. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is shown. 
. The data bus will be driven as shown if the last cycle before T, in the diagram was a write To 

. The 80286 floats its status pins during T,,. External 20KQ resistors keep these signals high (see Table 16). 

: For t HOLD request set up to HLDA, refer to Figure 29. 

. BHE and LOCK are driven at this time but will not become valid until Ts. 

. The data bus will remain in 3-state OFF if a read cycle is performed. 


amr wnrd — 
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80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE 


VO READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
oe MEMORY READ IF MEMORY TO PROC. EXT. has VO WRITE IF MEMORY TO PROC. EXT. 


MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER o: 
* VO PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 
23 — 


mio te QAR EES. AY Oe GER ae 


COD/INTA \_| VO PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
@ : MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 


PEACK (SEE NOTE 1.) 


(SEE NOTE 2.) 


pened \\\\AAAA LLL LLL LLL LLL 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES: 
1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 
will be either a memory read at operand address or I/O read at port address OOFA(H). 
2. To ee a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3X(1)— max. 
min. The actual, configuration dependent, maximum time is: 3X 1) —€1) max-@ min, + AX2X 
Ais the number of extra T, states added to either the first or second bus operation of the processor extension data operand transfer 
sequence. 


INITIAL 80286 PIN STATE DURING RESET 


BUS CYCLE TYPE 


(SEE NOTE 2. 
| Pee ie 
Nf, 


AT LEAST 
16 CLK PERIODS 


UNKNOWN 


UNKNOWN 


M/10 
oe UNKNOWN 
COD/INTA 


et haaleteepatelate 
Gani 
Getter 
6 arnentampeicineaeeti 


UNKNOWN 


(5) (SEE NOTE 3.) 


YOO» yy yyy yyy» 
® 


IF HOLD IS NOT ACTIVE (SEE NOTE 4). 
EE EP eS 


UNKNOWN 


NOTES: 

1. Setup time for RESET 7 may be violated with the consideration that 21 of the processor clock may begin one system CLK period later. 

2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during 21 or 22. 

3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 

4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains active wre RESET goes 
inactive, the 80286 remains in HOLD state and will not perform any bus accesses until HOLD is de-activiated. 


\ 
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REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 


REGISTER OPERAND/EXTENSION OF OPCODE 
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 


WORD/BYTE OPERATION 
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 


OPERATION (INSTRUCTION) CODE 


A. SHORT OPCODE FORMAT EXAMPLE 


BYTE 1 BYTE 2 


Tae Se 1 8-7 6. 6 48.2 1 


Oo e726 
TIT I TT 0 
Te 


B. LONG OPCODE FORMAT EXAMPLE 


ce [em 


Figure 35. 80286 Instruction Format Examples 


: _ 80286 INSTRUCTION SET SUMMARY 


Instruction Timing Notes 


The instruction clock counts listed below establish the 
_ maximum execution rate of the 80286. With no delays in 
_ bus cycles, the actual clock count of an 80286 program 
will average 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
they can be fetched from memory. 


To calculate elapsed times for instruction sequences, 


multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 8 
MHz processor clock has a clock period of 125 nanosec- 
onds and requires an 80286 system clock (CLK input) of 
16 MHz. 


instruction Clock Count Assumptions 


1. The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

. Bus cycles do not require wait states. 

. There are no processor extension data transfer or 
local bus HOLD requests. 


. No exceptions occur during instruction execution. 
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instruction Set Summary Notes 

Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in- 
struction fields shown. 

Above/below refers to unsigned value 

Greater refers to positive signed value 

Less refers to less positive (more negative) signed values 


if d 


1 then to register; if d = 0 then from register 


ifw = 1 then word instruction; if w = O then byte 
instruction 

ifs = 0 then 16-bit immediate data form the operand 

ifs = 1 then an immediate data byte is sign-extended 


to form the 16-bit operand 
x don'tcare 
z_ used for string primitives for comparison with ZF 
FLAG 
lf two clock counts are given, the smaller refers to a reg- 
ister operand and the larger refers to amemory operand 


y add one clock if offset calculation requires sum- 
ming 3 elements 


n number of times repeated 
m = number of bytes of code in next instruction 
Level (L)—Lexical nesting level of the procedure 
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ADVANCE IeaPORMUATION - 


The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the 80286. 


REAL ADDRESS MODE ONLY 


iF 


This is a protected mode instruction. Attempted ex- 
ecution in real address mode will result in an unde- 
fined opcode exception (6). 


. Asegment overrun exception (13) will occur if a word 


operand refererice at offset FFFF(H) is attempted. 


. This instruction may be executed in real address 


mode to initialize the CPU for protected mode. 


. The lOPL and NT fields will remain 0. 
. Processor extension segment overrun interrupt (9) 


will occur if the operand exceeds the segment limit. 


EITHER MODE 


6. 


7. 


8. LOCK does not remain active between all operand 


An exception may occur, depending on tie value of 
the operand. 


LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 


transfers. 


PROTECTED VIRTUAL ADDRESS MODE ONLY 


9. 


10. 


A general protection exception (13) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 


For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an ex- 
ception. The segment must be present to avoid a 
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11. 


12. 


We 


18. 


not-present exception (11). If the SS register is the © 


destination, and a segment not-present violation. 
occurs, a stack exception (12) occurs. 


All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multipro- 
cessor systems. 

JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protec- 
tion exception (13) if any privilege rule is violated. 


. Ageneral protection exception (13) occurs if CPL 


# 0. 


. A general protection exception (13) occurs. if 


CPL > IOPL. 


CPL > IOPL. The IOPL field is updated only if 
CPL = 0. 


. Any violation of privilege rules as applied to the se- 


lector operand do not cause a protection exception; 


rather, the instruction does not return a résult and © 


the zero flag is cleared. 


If the starting address of the memory operand vio- © 


lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand’s starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over- 
run exception (9) occurs. 


The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of 
a code segment or a general protection excep- 
tion (13) will occur. ‘ 
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- 80286 INSTRUCTION SET SUMMARY 
: | COMMENTS | 


Real Protected Real 


Address | Virtual | Address 
FUNCTION FORMAT Mode Address Mode 


DATA TRANSFER 
MOV = Move: 
Register to Register/Memory 1000100wyY| modreg r/m 


Register/memory to register 000101w{ modreg r/m 
mod000 f/m 


Immediate to register 011w~ reg data if w=1 
Memory to accumulator 010000w addr-high 4 
Accumulator to memory 010001w addr-high 9 


Register/memory to segment register 10001110] modOreg r/m 9,10,11 
- Segment register to register/memory 100011007 modOreg r/m 9 


! 


Immediate to register/memory 1100011Ww 


— 


|: 


PUSH = Push: 
Memory 


—! 


111111144 +mod110 ¢/m 
Register 1010 reg 
Segment register 00 reg 110 


POP =: Pop: 


Memory 1000111144 mod000 f/m 


Register 01011 reg 


Segment register 000 reg 11 1 (reg #01) 


XCHG = Exchange: 
Register/memory with register 1000011w 


Register with accumulator 10010 = reg 


IN = Input from: 
Fixed port 


Variable port 


OUT = Output to: 
Fixed port 


Variable port 
XLAT = Translate byte to AL 
LEA=Load EA to register 0001101 
LDS = Load pointer to DS 1000101 (mod + 11) 
LES = Load pointer to ES 1000100 (mod + 11) 
LAHF =: Load AH with flags O0T1LT1 1 
SAHF =: Store AH into flags OoT1 110 
PUSHF=Pushflags ~° 60814100 
mia POPF =: Pop flags 0011101 


—_ 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) : Be 
; CLOCK COUNT COMMENTS be 
Real | Protected | Real fe 
Address | Virtual | Address ; 
- Mode Address Mode 45 
, Mode | =, 
ARITHMETIC z rg. 
ADD = Add: e 
Reg/memory with register to either 000000dw ? 
Immediate to register/memory 100000sw{| mod000 rm | — data =| dataifsw=01 - 
Immediate to accumulator 0000010w| data | dataifw=1 | : 
cB 
ADC = Add with carry: ‘ 
Reg/memory with register to either 000100dw : 
Immediate to register/memory 100000sw{| mod010 rm | — data =| dataifsw=01 | 9 . 
Immediate to accumulator 0001010w] — data | dataifw=1 | ain ee 
INC = Increment: . 
Register/memory 1111111 Wwi{ mod000 r/m a 
Register 01000 reg ee 
SUB = Subtract: . ee 
Reg/memory and register to either 001010dw ree 26S 
immediate from register/memory 100000s w] mod101 t/m data ifsw=01 ! ae 
Immediate from accumulator 0010110w| data |  dataifw=1 ae 
a f 
SBB = Subtract with borrow: en 
Reg/memory and register to either 000110dw Peis ae 
immediate from register/memory 100000s w] mod011 t/m data ifs w=0 1 ‘Seat Sh 
immediate from accumulator fo0001110w data | dataifw=1 | oe 
DEC = Decrement: 
Register/memory 111111%14wi] mod001 f/m 
Register 01001 = reg es ,; 
CMP =Compare: - i 
Register/memory with register 0011101w . i eee 
Register with register/memory 0011100w . eee 
Immediate with register/memory 100000sw{ mod111 rm| data | dataifsw=01 
Immediate with accumulator 0011110w| daa | dataifw=1 | | 
NEG = Change sign 1111011wi}] mod011 f/m ; 
AAA = ASCil adjust for add ge ee 
DAA = Decimal adjust for add 00700174 
AAS = ASCII adjust for subtract 00111111 ? aoe 
DAS = Decimal adjust for subtract 00101111 , 
MUL = Multiply (unsigned): 1111011w{ mod100 rm : 
Register-Byte : j 
Register-Word 5; 
Memory-Byte 
Memory-Word 
IMUL = Integer multiply (signed): 1111011w 
Register-Byte 
Register-Word 
Memory-Byte | a 
Memory-Word om 
DIV = Divide (unsigned): 1111011w mod 110 r/m 
Register-Byte 
Register-Word ep 
Memory-Byte ae 
Memory-Word } ae wos 
Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. Re 
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i ear aoe | . Real | Protected | Real 
eee FUNCTION | FORMAT Mode | Address 
ARITHMETIC (Continued): . 

| ADIV = Integer divide (signed): 11117011Ww 

Bete Ss Register-Byte 

Ey a Register-Word 

Re Memory-Byte 

ace aes Memory-Word 

Sanat AAM = ASCII adjust for multiply 11010100/00001010 


AAD = ASCII adjust for divide 11010101;/;00001010 


CBW = Convert byte to word 10011000 


| EwD=Convertwordtodoubleword [10011001 


Boye: ee 
re Shift/Rotate Instructions: | 
Register/Memory by 1 1101000w 2,7* 2,7" 
- Register/Memory by CL 1101001w 5+ 5+n8+n° 
A 
a : . 
ost AND = And: 
a Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 
o TEST = And function to flags, no result: 
| Register/memory and register 
_ Immediate data and register/memory 1 mod000 f/m data if w= 1 
Immediate data and accumulator 1010100w] data | dataifw=1 | 
OR =0r: 
Reg/memory and register to either 000010dw 
immediate to register/memory 1000000w{ mod001 rm|{ — data | — dataifw=1 | 
| Immediate to accumulator 0000110w] data |  dataifw=1 | 
XOR = Exclusive or: 
Reg/memory and register to either 001100dw : 
Immediate to register/memory 1000000w| modi10 rm|{ data | — dataifw=1 | 
immediate to accumulator 0011010w}] — data | dataifw=1 | 
NOT = Invert register/memory : 11110141wi] mod010 rm 
STRING MANIPULATION: 
_MOVS =: Move byte/word 1010010w 
CMPS =: Compare byte/word 1010011w 
SCAS = Scan byte/word 1.010111w 
LODS = Load byte/wd to AL/AX 1010110w 
STOS = Stor byte/wd from ALA 1010101w 
is 


#> 
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80286 INSTRUCTION SET SUMMARY (Continued) SAE Oe ee 


FUNCTION FORMAT 


STRING MANIPULATION (Continued): 
Repeated by count in CX 


MOVS = Move string L117 £0071 6410 700170 w S. 
CMPS = Compare string 1445.00 = IT01001-14 w : 
SCAS = Scan string 1-3. t-0 87 F108 £9 14 tw ee 
LODS = Load string 1380 4 Cy 8 t-04 40 w s = 
STOS = Store string ‘{11110010{1010101w 2 
MEDS ' : “ 
3 
CONTROL TRANSFER ee 
cane 
CALL = Call: Pa ee 
Direct within segment 11101000] — disp-low | disp-high 18 ao 
Register/memory 5 nf xh Sy ey GS mod010 r/m 7+m,i1+m*} 7+m,11+m* 89,18 SPR cae 
indirect within segment SPER oS oe 
Direct intersegment 10011010 11,12,18 Bete a 
segment selector ; Say Seis 
Protected Mode Only (Direct intersegment): Se trsags ect 
Via call gate to same privilege level 41+m 8,11,12,18 ee 
Via call gate to different privilege level, no parameters 82+m 8,11,12,18 Sg ae 
Via call gate to different privilege level, x parameters 86 +4x+m 8,11,12,18 Ae 
Via TSS 17+m 8,11,12,18 ete eas 
Via task gate 182+m 8,11,12,18 Bees 
Indirect intersegment . EEE eS mod011 r/m (mod + 11) » 29+m* 8,9,11,12,18 = 
Protected Mode Only (indirect intersegment): eee: 
Via call gate to same privilege level 444m* 8,9,11,12,18 sas 
Via call gate to different privilege level, no parameters 83+m* 8,9,11,12,18 ex 
Via call gate to different privilege level, x parameters 90+4x+m* 8,9,11,12,18 a 
Via TSS 180+m* 8,9,11,12,18 ats 
Via task gate 185 +m* 8,9,11,12,18 ao 
JMP = Unconditional jump: 7 fe 
Short/long 17101011] displow | 7+ 18 i 
Direct within segment 11101001] — disp-low | — disp-high | 7+m 18 ye 
Register/memory indirect withinsegment}1. 111111 1 mod 100 r/m 7+m,11+m* 9,18 
Direct intersegment 11101010 23+m 11,12,18 
; 
Protected Mode Only (Direct intersegment): : ea. 
Via call gate to same privilege level ” 8,11,12,18 | fe 
Via TSS 8,11,12,18 at 
Via task gate 8,11,12,18 = Sas 
Indirect intersegment 1111114114] mod101 rm | — (mod # 11) 8,9,11,12,18 ee = 
Protected Mode Only (indirect intersegment): Ree: 
Via call gate to same privilege level . 8,9,11,12,18 Secs 
Via TSS Avda BOMAgAB Eo Sot ke 
Via task gate 8,9,11,12,18 Res Ae 
. RET = Return from CALL: “ate 
Within segment 11000011 8,9,18 a: Be Se 
Within seg adding immed to SP 11000010 data-high 8,9,18 Ser 
Intersegment 1 1.001701:4 Say 8,9,11,12,18 nae 
Intersegment adding immediatetoSP {11001010 data-high 189,11,1218)  — 
; i ay 
Protected Mode Only (RET): ES 
To different privilege level 55+m 9,11,12,18 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 
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i 80286 INSTRUCTION SET SUMMARY (Continued) 
z Address | Virtual | Address | Virtual 
ak Mode | Address | Mode | Address 
be Mode Mode 
CONTROL TRANSFER (Continued): 
JE/SZ:= Jump on equal/zero 7+mor3| 7+mor3 
<o _ JU/JNGE = Jump on less/not greater or equal 7+mor3| 7+mor3 
- JLE/ING =Jumpontess orequainotgreae  [O1117770|. dep 7+mor3| 7+mor3 
xe | SB/SNAE=Jumponbelowinotaboveoreaal [01110010] disp | 7+mor3| 7+mor3 
al JBE/JNA=Jumponbeloworequalinotabve [01110110] disp | 7+mor3| 7+mor3 
Ss JP/JPE = Jump on parity/parity even PAN TOT. 0 | ep | 7+mor3| 7+mor3 
nis JO = Jump on overfiow 7+mor3| 7+mor3 
be) JS = Jump on sign 7+mor3| 7+mor3 
JNE/JNZ = Jump on not equal/not zero 7+mor3| 7+mor3 
JNL/IGE = Jump on not less/greater or equal 7+mor3] 7+mor3 
.  JNLE/JG = Jump on not less or equal/greater 7+mor3| 7+mor3 
JNB/JAE = Jump on not below/above or equal (ESR PER? Re ee 7+mor3| 7+mor3 
Bf JNBE/JA = Jump on not below or equal/above (Res ce ee “ae 7+mor3] 7+mor3 


JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 01110001 
INS = Jump on not sign 


7+mor3| 7+mor3 


7+mor3 


7+mor3 


7+mor3| 7+mor3 


LOOP = Loop CX times RE ees ees ee 8+mor4 | 8+mor4 
LOOPZ/LOOPE = Loop while zero/equal jRRIL Ss ee eee 8+mor4 | 8+mor4. 
: LOOPNZ/LOOPNE=loxpwiieratxvina [71700000] sp 8+mor4 | 8+mord 
wees JEXZ = Jump on CX 2er0 A iAgsoi.t|. wp | 8+mor4 | 8+mor4 


INT = Interrupt: 


Type specified : {41001101 type 
Type 3 11001100 
INTO = Interrupt on overflow 11001110 

: Protected Mode Only: 


Via interrupt or trap gate to same privilege level 
Via interrupt or trap gate to fit different privilege level 
Via Task Gate 


7,8,11,12,18 
7,8,11,12,18 
7,8,11,12,18 


IRET = Interrupt return TIVOEtAT 4 8,9,11,12,15,18 
E Protected Mode Only: 
To different privilege level 8,9,11,12,15,18 


To different task (NT = 1) 8,9,11,12,18 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 


Address 
FUNCTION FORMAT Mode 


PROCESSOR CONTROL 
CLC = Clear carry 11711 £600.60 


CMC = Complement carry 4010.1 
STC = Set carry rer tO 
CLD = Clear direction ttUET.1 £0, 0 
STD = Set direction hora 1 ve 
CLI = Clear interrupt 
STI = Set interrupt A ae 
HLT = Halt 14170100 
WAIT = Wait 1607101.1 
LOCK = Bus lock prefix 13+2-1.066 9 


—ii— 


T7777 00 0 2 
[REER EERO 2 
ati 7 00T 2 
Pai7100 2 
TFT 7] 2 
3 
7711014] 2 
P7171 0100) 2 
Foor ott 3 
T7711000 0) 0 


(TTT LLL are opcode to processor extension) 


SEG=Segment Override Prefix | 001 reg 110 


ESC = Processor Extension Escape 
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_ The effective Address (EA) of the memory operand is 


computed according to the mod and r/m fields: 


iIAPX 286/10 
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REG is assigned according to the following table: 


| 16-Bit(w=1) 8-Bit(w = 0) 
if mod = 11 then r/mis treated as a REG field rt 2g i = 
ifmod = 00 then DISP = 0%, disp-lo isp-high 

‘| 2a en DIS 0*, disp-low and disp-hig 010 DX 010°DL 
a 3 | 011 BX 011 BL 
ifmod = 01 then DISP = disp-low sign-extended to 100 SP 100 AH 

3 16-bits, disp-high is absent 101 BP 101 CH 
_ ifmod = 10 then DISP = disp-high: disp-low 110 SI 110 DH 
-ifr/m = 000 then EA = (BX) + (SI) + DISP 111 DI 111 BH 


ifr/m = 001 then EA = (BX) + (Dl) + DISP 
ifr/m = 010 then EA = (BP) + (SI) + DISP 
ifr/m = 011 then EA = (BP) + (Dl) + DISP 
ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (DI) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the DI register) are computed using the ES 
segment, which may not be overridden. 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


SEGMENT OVERRIDE PREFIX 
0011reg 110 


reg is assigned according to the following: 


ae Segment 
: reg Register 
00 ES 
01 CS 
10 SS 
11 DS 
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Figure 36. Textool 68 Lead Chip Carrier Socket 
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80287 
80-Bit HMOS | 
NUMERIC PROCESSOR EXTENSION 


80287-3 

# High Performance 80-Bit Internal = Protected Mode Operation Completely 
Architecture Conforms to the iAPX 286 Memory 

= Implements Proposed IEEE Floating sbi tg and Protection 
Point Standard 754 cout. 

= Expands iAPX 286/10 Datatypes to # Directly Extends iAPX 286/10 Instruction 
Include 32-, 64-, 80-Bit Floating Point, Set to Trigonometric, Logarithmic, 
32-, 64-Bit Integers and 18-Digit BCD Exponential and Arithmetic Instructions | 
Operands | for All Datatypes | 

= Object Code Compatible with 8087 § 8x80-Bit, Individually Addressable, 

= Built-in Exception Handling Numeric Register Stack 

= Operates in Both Real and Protected #® Available in EXPRESS—Standard 
Mode iAPX 286 Systems Temperature Range 


The Intel® 80287 is a high performance numerics processor extension that extends the iAPX 286/10 
architecture with floating point, extended integer and BCD data types. The iAPX 286/20 computing system 
(80286 with 80287) fully conforms to the proposed IEEE Floating Point Standard. Using a numerics 
oriented architecture, the 80287 adds over fifty mnemonics to the iAPX 286/20 instruction set, making the 
iAPX 286/20 a complete solution for high performance numeric processing. The 80287 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS) and packaged in a 40-pin ceramic package. 
The iAPX 286/20 is object code compatible with the iAPX 86/20 and iAPX 88/20. 
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N.C. PINS MUST NOT BE CONNECTED. 


Figure 1. 80287 Block Diagram Figure 2. 80287 Pin Configuration 


intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. | OCTOBER 1983 


© INTEL CORPORATION, 1983. 4-52 ORDER NUMBER: 210920-002 


intel 80287 ADVANCE INFORMATION 


Table 1. 80287 Pin Description 


Clock input: this clock provides the basic timing for internal 80287 opera- 
_ tions. Special MOS level inputs are required. The 82284 or 8284A CLK. 
outputs are compatible to this input. 


Clock Mode signal: indicates whether CLK input is to be divided by 3 or 
used directly. A HIGH input will cause CLK to be used directly. This input 
may be connected to Voc Or Vsg as appropriate. This input must be either 
HIGH or LOW 20 CLK cycles before RESET goes LOW. Fate 


System Reset: causes the 80287 to immediately terminate its present ac- | 
tivity and enter a dormant state. RESET is required to be HIGH for more than 
4 80287 CLK cycles. For proper initialization the HIGH-LOW transition must 
occur no sooner than 50 us after Vcc and CLK meet their D.C. and A.C. 
specifications. 


Data: 16-bit bidirectional data bus. Inputs to these pins may be applied 
asynchronous to the 80287 clock. 7 | 


Busy status: asserted by the 80287 to indicate that it is cu rrently executing 
a command. 


Error status: reflects the ES bit of the status word. This signal indicates 
that an unmasked error condition exists. 


Processor Extension Data Channel operand transfer request: a HIGH on 
this output indicates that the 80287 is ready to transfer data. PEREQ will be 
disabled upon assertion of PEACK or upon actual data transfer, whichever 
occurs first, if no more transfers are required. 


Processor Extension Data Channel operand transfer ACKnowledge: ack- 
nowledges that the request signal (PEREQ) has been recognized. Will 
cause the request (PEREQ) to be withdrawn in case there are no more 
transfers required. PEACK may be asynchronous to the 80287 clock. 


Numeric Processor Read: Enables transfer of data from the 80287. This 
, input may be asynchronous to the 80287 clock. 

Numeric Processor Write: Enables transfer of data to the 80287. This input 

may be asynchronous to the 80287 clock. ' | 


Numeric Processor Selects: indicate the CPU is performing an ESCAPE instruc- 
tion. Concurrent assertion of these signals (i.e., NPST is LOW and NPS2 is 
HIGH) enables the 80287 to perform floating point instructions. No data trans- 
fers involving the 80287 will occur unless the device is selected via these 
lines. These inputs may be asynchronous to the 80287 clock. 


Command lines: These, along with select inputs, allow the CPU to direct the 
operation of the 80287. 
These inputs may be asynchronous to the 80287 clock. 
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Symbols 


CLK286 


CPU Clock: This input provides a sampling edge for the 80287 inputs $1, SO, 
COD/INTA, READY, and HLDA. It must be connected to the 80286 CLK input. 


Status: These inputs must be connected to the corresponding 80286 pins. 


Hold Acknowledge: This input informs the 80287 when the 80286 controls 
the local bus. It must be connected to the 80286 HLDA output 


81,50. 
COD/INTA 


Ready: The end of abus cycle is signaled by this input. It must be connected 
to the 80286 READY input. 


System ground, both pins must be connected to ground 


+5V supply 


FUNCTIONAL DESCRIPTION effectively extends the register and instruction set 
of an iAPX 286/10 system for existing iAPX 286 


The 80287 Numeric Processor Extension (NPX) data types and adds several new data types as well. 
provides arithmetic instructions for a variety of Figure 3 presents the program visible register 
‘numeric data types in iAPX 286/20 systems. It also model of the iAPX 286/20. Essentially, the 80287 | 
executes numerous built-in transcendental func- can be treated as an additional resource or an 


_tions (e.g., tangent and log functions). The 80287 extension to the iAPX 286/10 that can be used as a 


executes instructions in parallel with a 80286. It single unified system, the iAPX 286/20. 


TAG FIELD 


Figure 3. iAPX 286/20 Architecture 
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The 80287 has two operating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the 
protected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the iAPX 286/20 is 
completely software compatible with iAPX 86/20, 
88/20. 


Once in protected mode, all references to memory 
for numerics data or status information, obey the 
iAPX 286 memory management and protection 
rules giving a fully protected extension of the 
80286 CPU. In the protected mode, iAPX 286/20 
numerics software is also completely compatible 
with iAPX 86/20 and iAPX 88/20. 


SYSTEM CONFIGURATION 


As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 4. 
The data channel control signals (PEREQ, 
PEACK), the BUSY signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected mode, all 
information received by the NPX is validated by the 
80286 memory management and protection unit. 
Once started, the 80287 can process in parallel 
with and independent of the host CPU. When the 
NPX detects an error or exception, it will indicate 
this to the CPU by asserting the ERROR signal. 


The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory under the protection 
model of the CPU. The full virtual and physical 
address space of the 80286 is available. Data for 
the 80287 in memory is addressed and represented 
in the same manner as for an 8087. 


The 80287 can operate either directly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM=0), the 80287 works at one- 
third the frequency of the system clock (i.e., for an 
8 MHz 80286, the 16 MHz system clock is divided 
cown to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro- 
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a 1/3 duty 
cycle clock on the CLK input (CKM=1). 


4-55 


80287 


HARDWARE INTERFACE 


Communication of instructions and data operands 
between the 80286 and 80287 is handled by the 
CMDO, CMD1, NPS1T, NPS2, NPRD, and NR sig- 
nals. |/O port addresses OOF8H, OOFAH, and OOFCH 
are used by the 80286 for this communication. When 
any of these addresses are used, the NPST input 
must be LOW and NPS2 input HIGH. The IORC and 
JOWC outputs of the 82288 identify I/O space trans- 
fers (see Figure 4). CMDO should be connected to 
latched 80286 A1 and CMD1 should be connected to 
latched 80286 A2. The S71, $0, COD/INTA,READY, 


HLDA, and CLK pins of the 80286 are connected to 


the same named pins on the 80287. 


I/O ports OOF8H to OOFFH are reserved for the 
80286/80287 interface. To guarantee correct oper- 
ation of the 80287, programs must not perform any 
I/O operations to these ports. 


The PEREQ, PEACK, BUSY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when the 80286 reads. from the 80287. 
The use of COD/INTA and M/IO in the decoder 
prevents INTA bus cycles from disabling the data 
transceivers. 


PROGRAMMING INTERFACE 


Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Pro- 
grams retrieve these values by generating the 
lowest address. All values should start at even 
addresses for maximum system performance. 


Internally the 80287 holds all numbers in the tem- 
porary real format. Load instructions automati- 
cally convert operands represented in memory as 
16-, 32-, or 64-bit integers, 32- or 64-bit floating 
point number or 18-digit packed BCD numbers 
into temporary real format. Store instructions per- 
form the reverse type conversion. 


80287 computations use the processor’s register 
stack. These eight 80-bit registers provide the 
equivalent capacity of 40 16-bit registers. The 
80287 register set can be accessed as a stack, with 
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Figure 4. iAPX 286/20 System Configuration 
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Long Integer 
Packed BCD 
Short Real 


Data 
Formats 


Word Integer 


Short Integer 


Long Real 


Temporary Real 


NOTES: 

(1) S= Sign bit (0 = positive, 1 = negative) 

(2) d, = Decimal digit (two per byte) 

(3) X = Bits have no significance; 8087 ignores when load- 
ing, zeros when storing. 

(4) & =Position of implicit binary point 

(5) |=Integer bit of significand; stored in temporary real, 
implicit in short and long real 


instructions operating on the top one or two stack 
elements, or as a fixed register set, with instruc- 
tions operating on explicitly designated registers. 


Table 6 lists the 80287’s instructions by class. No 
special programming tools are necessary to use 
the 80287 since all new instructions and data types 
are directly supported by the iAPX 286 assembler 


4-57 


17, 446,915 , G14, 413 G12, 411» Gio, dg 


MAGNITUDE 


: BIASED 
79 


64 63 


(6) Exponent Bias (normalized values): 
Short Real: 127 (7FH) 
Long Real: 1023 (SFFH) 
Temporary Real: 16383 (SFFFH) 
(7) Packed BCD: (-1)°(D47. . .Dy) 


(8) Real: (— 1)9(2©S“S\(F, Fy. ...) 


and appropriate high level languages. All iAPX 
86/88 development tools which support the 8087 
can also be used to develop software for the iAPX 
286/20 in real address mode. 


Table 3 gives the execution times of some typical 
numeric instructions. 


210920-002 


e ® : | | 
intel 80287 ADVANCE INFORMATION 
Table 2. 80287 Datatype Representation in Memory 
Most Significant Byte HIGHEST ADDRESSED BYTE 
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80287 


[Swee for 


Tangent 


Exponentiation 


_ SOFTWARE INTERFACE 


The iAPX 286/20 is programmed as a single pro- 
cessor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU au- 
tomatically controls the 80287 whenever a numeric 
instruction is executed. All memory addressing 
modes, physical memory, and virtual memory of 
the CPU are available for use by the NPX. 


Since the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 


after the CPU has executed the ESCAPE instruc- - 


tion which caused it. To allow identification of the 
failing numeric instruction, the NPX contains two 
pointer registers which identify the address of the 
failing numeric instruction and the numeric 


memory operand if appropriate for the instruction — 


encountering this error. 


INTERRUPT DESCRIPTION 


Several interrupts of the iAPX 286 are used to 
report exceptional conditions while executing 
numeric programs in either real or protected 
mode. The interrupts and their functions are 
shown in Table 4. 
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Approximate Execution 
Time (us) 
80287 
(5 MHz Operation) 


3 14/18 
10 


PROCESSOR ARCHITECTURE 


As shown in Figure 1, the NPX is internally divided 
into two processing elements, the bus interface 
unit (BIU) and the:numeric execution unit (NEU). 
The NEU executes all numeric instructions, while 
the BIU receives and decodes instructions, re- 
quests operand transfers to and from memory and 
executes processor control instructions. The two 
units are able to operate independently of one 
another allowing the BIU to maintain asynchro- 
nous communication with the CPU while the NEU 
is busy processing a numeric instruction. 


BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by the 
CPU. If the ESC code defines a math instruction, the 
BIU transmits the formatted instruction to the NEU. If 
the ESC code defines an administrative instruction, 
the BIU executes it independently of the NEU. The 
parallel operation of the NPX with the CPU is normally 
transparant to the user. The BIU generates the BUSY 
and ERROR signals for 80826/80287 processor syn- 
chronization and error notification, respectively. 


The 80287 executes a single numeric instruction at. 
a time. When executing most ESC instructions, the 
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Table 4. 80286 Interrupt Vectors Reserved for NPX 


An ESC instruction was encountered when EM or TS of the 80286 MSW was set. 
EM=1 indicates that software emulation of the instruction is required. When TS is 
set, either an ESC or WAIT instruction will cause.interrupt 7. This indicates that the 
current NPX context may not belong to the current task. 


The second or subsequent words of a numeric operand in memory exceeded a 
segment’s limit. This interrupt occurs after executing an ESC instruction. The saved 
return address will not point at the numeric instruction causing this interrupt. After 
processing the addressing error, the iAPX 286 program can be restarted at the 
return address with IRET. The address of the failing numeric instruction and 
numeric operand are saved in the 80287. An interrupt handler for this Wi 
execute FNINIT before any other ESC or WAIT instruction. 


The starting address of a numeric operand is not in the segment’s limit. The return 
address will point at the ESC instruction, including prefixes, causing this error. The 
180287 has not executed this instruction. The instruction and data address in 80287 
refer to a previous, correctly executed, instruction. 


The previous numeric instruction caused an unmasked numeric error. The address 
of the faulty numeric instruction or numeric data operand is stored in the 80287. 
Only ESC or WAIT instructions can cause this interrupt. The 80286 return address 
will point at a WAIT or ESC instruction, including prefixes, which may be restarted 
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after clearing the error condition in the NPX. 


80286 tests the BUSY pin and waits until the 80287 
indicates that it is not busy before initiating the com- 
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC instruc- 
tion. In iAPX 86/20 systems, this synchronization is 
achieved by placing a WAIT instruction before an ESC 
instruction. For most ESC instructions, the iAPX 286/20 
does not require a WAIT instruction before the ESC 
opcode. However, the iAPX 286/20 will operate cor- 
rectly with these WAIT instructions. In all cases, a WAIT 
or ESC instruction should be inserted after any 80287 
store to memory (except FSTSW and FSTCW) or load 
from memory (except FLDENV or FRSTOR) before the 
80286 reads or changes the value to be sure the 
numeric value has already been written or read by 
the NPX. : 


Data transfers between memory and the 80287, 
when needed, are controlled by the PEREQ 
PEACK, NPRD, NPWR, NPS1, NPS2 signals. The 
80286 does the actual data transfer with memory 
through its processor extension data channel. 
Numeric data transfers with memory performed by 
the 80286 use the same timing as any other bus 


cycle. Control signals for the 80287 are generated 
by the 80826 as shown in Figure 4, and meet the 
timing requirements shown in the AC require- 
ments section. 


NUMERIC EXECUTION UNIT 


The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi- 


cand bits, 15 exponent bits and a sign bit) which. 
allows internal operand transfers to be performed at - 


very high speeds. 


When the NEU begins executing an instruction, it 
activates the BIU BUSY signal. This signal is used 
in conjunction with the CPU WAIT instruction or 
automatically with most of the ESC instructions to 
synchronize both processors. 


REGISTER SET 


The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087's register stack 
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78 64 
EXPONENT 


80287 


63 : 0 


ADVANCE INFORMATION 


TAG FIELD 
1 0 


0 


CONTROL REGISTER 


STATUS REGISTER 


TAG WORD 


INSTRUCTION POINTER 
DATA POINTER 


. 


Figure 5. 80287 Register Set 


is 80 bits wide and is divided into “fields” corre- 
sponding to the NPX’s temporary real data type. 


At a given point in time the TOP field in the status 


word identifies the current top-of-stack register. A | 


“push” operation decrements TOP by 1 and loadsa 
value into the new top register. A “pop” operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows “down” 
toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instructions 
implicitly address the register pointed by the TOP. 
Other instructions allow the programmer to explicitly 
specify the register which is to be used. This explicit 
register addressing is also “‘top-relative.” 


STATUS WORD 


The 16-bit status word (in the status register) 
shown in Figure 6 reflects the overall state of the 
80287. It may be read and inspected by CPU code. 
The busy bit (bit 15) indicates whether the NEU is 
executing an instruction (B = 1) or is idle (B = 0). 
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The instructions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in 
order to be executed. 


The four numeric condition code bits (Cpo-C3) are 
similar to the flags in a CPU: instructions that perform 
arithmetic operations update these bits to reflect the 
outcome of NPX operations. The effect of these 
instructions on the condition code bits is summarized 
in Tables 5a and 5b. 


Bits 14-12 of the status word point to the 80287 regis- 
ter that is the current top-of-stack (TOP) as described 
above. Figure 6 shows the six error flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
NEU has detected an exception while executing an 
instruction. The section on exception handling explains 
how they are set and used. 


Bit 7 is the error summary status bit. This bit is set if 


any unmasked exception bit is set and cleared other- 
wise. If this bit is set, the ERROR signal is asserted. 
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 


INVALID OPERATION’ 
DENORMALIZED OPERAND* 
ZERO DIVIDE* 
OVERFLOW* 
UNDERFLOW* 
PRECISION* 
(RESERVED) 
ERROR SUMMARY STATUS" 
CONDITION CODE’? 
TOP OF STACK POINTER™? 
NEU BUSY 


(ES IS SET IF ANY UNMASKED EXCEPTION BIT IS SET, CLEARED OTHERWISE. 


gi SEE TABLE 5 FOR CONDITION CODE INTERPRETATION. 
TOP VALUES 
000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 
e 


e 
111 = Register 7 is Top of Stack 


*For definitions, see the section on exception handling 


Figure 6. 80287 Status Word 


TAG WORD 


The tag word marks the content of each register as_ . 


shown in Figure 7. The principal function of the tag 
word is to optimize the NPX’s performance. The eight 
two-bit tags in the tag word can be used, however, to 
interpret the contents of 80287 registers. 


INSTRUCTION AND DATA POINTERS 


The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error hand- 
lers. Whenever the 80287 executes a new instruc- 
tion, the BIU saves the instruction address, the 
operand address (if present) and the instruction 
- opcode. 80287 instructions can store this data into 
memory. 


The instruction and data pointers appear in one of 
two formats depending on the operating mode of 
_ the 80287. In real mode, these values are the 20-bit 
physical address and 11-bit opcode formatted like 
the 8087. In protected mode, these values are the 
32-bit virtual addresses used by the program 
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which executed an ESC instruction. The same 
FLDENV/FSTENV/FSAVE/FRSTOR instructions as 
those of the 8087 are used to transfer these values 
between the 80287 registers and memory. 


The saved instruction address in the 80287 will 
point at any prefixes which preceded the instruc- 
tion. This is different than in the 8087 which only 
pointed at the ESCAPE instruction opcode. 


CONTROL WORD 


The NPX provides several processing options 
which are selected by loading a word from memory 
into the control word. Figure 9 shows the format 
and encoding of fields in the control word. 


The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 80287 recognizes. 
The high order byte of the control word configures 
the 80287 operating mode including precision, 
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Table 5a. Condition Code Interpretation 


| Instruction 
Be 


Remainder 


wh ind wh) hin ab eh ak CC) >. Oo Oo o.oo 


=— tt se@OOdcdH==2= 0000 


NOTES: 

1. ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 
4. Qn = Quotient bit n 


Table 5b. Condition Code Interpretation after 
FPREM Instruction As a Function of 
Dividend Value ' 


Dividend Range 


Dividend < 2 * Modulus 


Dividend < 4 * Modulus 
Dividend = 4 * Modulus 


NOTE: 


‘2 


Previous value of indicated bit, not affected by FPREM 
instruction execution. 
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ST > Source or 0 (FTST) 
ST < Source or 0 (FTST) 
ST = Source or 0 (FTST) 
ST is not comparable 


Complete reduction with 
three low bits of quotient 
(See Table 5b) 

incomplete Reduction 


Valid, positive unnormalized 
Invalid, positive, exponent =0 
Valid, negative, unnormalized 
Invalid, negative, exponent =0 
Valid, positive, normalized 
Infinity, positive 

Valid, negative, normalized 
Infinity, negative 

Zero, positive 

Empty 

Zero, negative 

Empty 

Invalid, positive, exponent = 0 
Empty 

Invalid, negative, exponent = 0 
Empty 


Ou oO woOouwo# Owon ou Ore 


rounding, and infinity control. The precision con- 
trol bits (bits 9-8) can be used to set the 80287 
internal operating precision at less than the 
default of temporary real (80-bit) precision. This 
can be useful in providing compatibility with the 
early generation arithmetic processors of smaller 
precision than the 80287. The rounding control 
bits (bits 11-10) provide for directed rounding and 
true chop as well as the unbiased round to nearest 
even mode specified in the IEEE standard. Control 
over closure of the number space at infinity is also 
provided (either affine closure: + ©, or projective 
closure: ~, is treated as unsigned, may be 
specified). 
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NOTE: The index i of tag(i) is not top-relative. A program 
typically uses the “top” field of Status Word to deter- 
mine which tag(i) field refers to logical top of stack. 


TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = INVALID or INFINITY 
11 = EMPTY 


Figure 7. 80287 Tag Word 


MEMORY OFFSET 


15 0 
CONTROL WORD 
STATUS WORD 
TAG WORD 


Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 


EXCEPTION HANDLING 


The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause the assertion of external 
signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 


The exceptions that the 80287 detects and the ‘default’ 
procedures that will be carried out if the exception is 
masked, are as follows: 


invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, co, —0o, etc) or the use of a 
Non-Number (NAN) as an operand. An exponent value 
of all ones and non-zero significand is reserved to 
identify NANs. If this exception is masked, the 80287 
default response is to generate a specific NAN called 
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INDEFINITE, or to propogate already existing NANs 
as the calculation result. 


Overflow: The result is too large in magnitude to 
fit the specified format. The 80287 will generate an 
encoding for infinity if this exception is masked. 


Zero Divisor: The divisor is zero while the divi- 
dend is anon-infinite, non-zero number. Again, the 
80287 will generate an encoding for infinity if this 
exception is masked. 


Underflow: The result is non-zero but too small in 
magnitude to fit in the specified format. If this 


exception is masked the 82087 will denormalize 


(shift right) the fraction until the exponent is in 
range. The process is called gradual underflow. 


. 
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MEMORY 
OFFSET 


15 0 
CONTROL WORD +0 
STATUS WORD +2 
TAG WORD +4 


INSTRUCTION POINTER (15-0) +6 
INSTRUCTION INSTRUCTION 18 
POINTER (19-16) OPCODE (10-0) 
DATA POINTER (15-0) 


DATA POINTER 
(19-16) 


Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 


16 0 


PR 1ON CONTROL 


PRECIS 
00 = 24 BITS (SHORT REAL) 
01 = RESERVED 
10 = 53 BITS (LONG REAL) 
11 = 64 BITS (TEMP REAL) 


ROUNDING CONTROL 
00 = ROUND TO NEAREST OR EVEN 
01 = ROUND DOWN (TOWARD - x) 
10 = ROUND UP (TOWARD +~) 
11 = CHOP (TRUNCATE TOWARD ZERO) 


EXCEPTION MASKS (1=EXCEPTION IS MASKED) 


INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 

(RESERVED) 

(RESERVED) 

PRECISION CONTROL '"? 

ROUNDING CONTROL’ 

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 

(RESERVED) 


Figure 9. 80287 Control Word 
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Denormalized Operand: At least one of the 
operands is denormalized; it has the smallest ex- 
ponent but a non-zero significand. Normal pro- 
cessing continues if this exception is masked off. 


Inexact Result: The true result is not exactly repre- 
sentable in the specified format, the result is rounded 
according to the rounding mode, and this flag is set. 
If this exception is masked, processing will simply 
continue. 


If the error is not masked, the corresponding error 
bit and the error status bit (ES) in the control word 
will be set, and the ERROR output signal will be 
asserted. If the CPU attempts to execute another 
ESC or WAIT instruction, exception 7 will occur. 


The error condition must be resolved via an inter- 
rupt service routine. The 80287 saves the address 
of the floating point instruction causing the error 
as well as the address of the lowest memory loca- 
tion of any memory operand required by that 
instruction. 


iAPX 86/20 COMPATIBILITY: 


iAPX 286/20 supports portability of iAPX 86/20 
programs when it is in the real address mode. 
However, because of differences in the numeric 
error handing techniques, error handling routines 
may need to be changed. The differences between 
an iAPX 286/20 and iAPX 86/20 are: 


1. The NPX error signal does not pass through an 
interrupt controller (8087 INT signal does). 
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Therefore, any interrupt controller oriented in- 

structions for the iAPX 86/20 may have to be 

deleted. 

2. Interrupt vector 16 must point at the numeric 
error handler routine. 


3. The saved floating point instruction address in 
the 80287 includes any leading prefixes before 
the ESCAPE opcode. The corresponding saved 
address of the 8087 does not include leading 
prefixes. 


4. In protected mode, the format of the saved in- | 


struction and operand pointers is different than 
for the 8087. The instruction opcode is not 
saved—it must be read from memory if needed. 


5. Interrupt 7 will occur when executing ESC in- 
structions with either TS or EM of MSW=1. If TS 
of MSW=1 then WAIT will also cause interrupt 
7. An interrupt handler should be added to han- 
dle this situation. . 


6. Interrupt 9 will occur if the second or subse- 
quent words of a floating point operand fall 
outside a segment’s size. Interrupt 13 will occur 
if the starting address of a numeric operand 
falls outside a segment’s size. An interrupt 
handler should be added to report these pro- 
gramming errors. 


In the protected mode, iAPX 86/20 application 
code can be directly ported via recompilation if the 
286 memory protection rules are not violated. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ..0°C to 70°C 
Storage Temperature ........ —65°C to +150°C 
Voltage on Any Pin with F 

mespectto Ground ....006000.5.5.. —1.0 to +7V 
gp ROO Es! 3.0 Watt 


“NOTICE: Stresses above those listed under Ab- 
solute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS T, = 0°C to 70°C, Voc = SV, +/-5% 


Input LOW Voltage 
Input HIGH Voltage 


Clock Input LOW Voltage 
CKM = 1: 
CKM = 0: 


vires Tile, HIGH Voltage 
CKM = 0: 


Output LOW Voltage 
Output HIGH Voltage 


Input Leakage Current 


Power Supply Current 
Input Capacitance 


Input/Output Capacitance 
(DO-D15) 


CLK Capacitance 


a 
Se 
sale 
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Test Conditions 
lo. = = 3.0 mA 


OV s Vin <= Voc 
A5V < < Vout Ss Voc 
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A.C. CHARACTERISTICS (T, = 0°C to 70°C, Voc + 5V,=/-5%) 
TIMING REQUIREMENTS 
A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 


z 
7; CLK Period | 
eae CKM = 1: 200 
CKM = 0: | 62.5 
T CLK LOW Time ~ 
tae CKM = 1: 118 
CKM = 0: 
ToHoL eee ae | 
| CKM=0: 
ToHicH2 CLK Rise Time 


15 
Toreci1 | CLK Fall Time aoe 
TpvwH Data Setup to NPWR Inactive 


e 
3 
3 
: 


ol 
aS —_h, . . = 
| r 


NO 
o>) 
fe) 


235 


oO}; oO 


3.5V to 1.0V if CKM = 1. 


TwHbx Data Hold from NPWR Inactive 30. 
TWLWH . 
TeirH NPWR, NPRD Active Time 
Tava Command Valid to NPWR or 
Tavwe NPRD Active 
TMHRL Minimum Delay from PEREQ 
Active to NPRD Active 130 


TKLKH PEACK Active Time 
Tux. _ | PEACK Inactive Time 


TKHCH PEACK Inactive to NPWR, NPRD 
Inactive 
TouK NPWR, NPRD Inactive to PEACK 
Active -30 
TwHax | Command Hold from NPWR, 
TRHAX NPRD Inactive 
TkLCL PEACK Active Setup to NPWR, gg 


Active 


Toctei 
Taotot 
Tasvei 
Taoist 
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A.C. CHARACTERISTICS, continued 
TIMING REQUIREMENTS 
5 MHz 


COD/INTA Setup Time to CLK286 


Totciy ~=—- |COD/INTAHold Time from CLK286 


4 
eS 
comme 
Be 
ed 

paca 


— 


| tera 

HLDA Hold Time from CLK286 Pek Che eee 
NPWR, NPRD to CLK Setup Time 
——— 


i= 
oe 
co 
ani: 
Tc, HOA Soup Tmerwouxzes | 0 | 
oe 
ote 


PWR, NPRD from CLK Hold Time 
RESET to CLK Setup Time 
i RESET from CLK Hold Time 


A.C. CHARACTERISTICS, 
TIMING RESPONSES 
5S MHz 


[eymbot [Peano ——~-auin | Omar 


Test Conditions 


NPRD Inactive to Data Float es Be ee NOTE 2 
NPRD Active to Data Valid ea em NOTE 3 _ 
NPWR Active to BUSY Active 


NOTE 5 
NOTE6 © 


, a0 

ee Canes 
“oe Bs ee 

_Txm _|PEACK Active toPEREQ Inactive |. | 127. 
Write-to-Read 


Tomo! Command Inactive Time 95 
250 

105 

Read-to-Write 95 


Write-to-Write 
Data Hold from NPRD Inactive Ree Soe ee 


Read-to-Read 


TRHQH 


NOTE? =... 
NOTES: 


1. This isan asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK edge: 
2. Float condition occurs when output current is less than lio on DO-D15. 

3. DO-D15 loading: CL = 100pF. 

4. BUSY loading: CL = 100pF. 
a 
6 
7 


. BUSY loading: CL = 100pF. 
. On last data transfer of numeric instruction. 
. DO-D15 loading: CL = 100pF. 
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CMDO CMD1 
NPS7,NPS2 


NPRD 


DATA 
TRANSFER 
FROM 
80287 


CK mas) 
WAAAY VALID 


TAVWL 
<p) et TW i | ee —_-———_ T WHA X ————— | © 


DATA 
TOVWH | TWHDX TRANSFER 
TO 


—_———_—>- 
80287 
DATA MAY CHANGE eee. aay NY DATA MAY CHANGE 


— >| TWLBN ja 


DATA CHANNELTIMING (INITIATED BY 80287) 


CMD0,CMD1 


— 
NPSi,NPS2 
— 


—<—_—_TMHRAL 


> TKHCH |<e— ~<«— TKHKL —»> 
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) 
-WAVEFORMS (cont) 


ERROR OUTPUT TIMING 


80286 STATUS TIMING 


~_—_______—- I, 


T2CLCL 
T2CLCH T2CHCL 


TCIVCL 


eavaza! 
=<. 
| SRL 


TRVCL 


pny 


Min =< TCLHH 
NOTE 2 


~<«-TCLRH 


NOTES: 
1. This input transition occurs before Ts. 
2. This input transition occurs after Tc. 
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WAVEFORMS (Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements on this page 


are given for testing purposes only, to assure recognition ata specific CLK edge.) 


CLK, RESET TIMING (CKM = 1) 
P, 


CLK 
(IF CKM = 1) 


CLK, NPRD, NPWR TIMING (CKM = 1) 
Bias bits 


CLK 
(IF CKM = 1) 


CLK, RESET TIMING (CKM = 0) 


PHASE INDETERMINATE 
CLK 


(IF CKM = 0) 


NOTE: Reset must meet timing shown to guarantee known phase of internal 3 circuit. 


CLK, NPRD, NPWR TIMING (CKM = 0) 
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Table 6. 80287 Extensions to the 80286 Instruction Set 


Optional Ciock Count Range 
8,16 Bit 32 Bit | 32 Bit | 64 Bit 16 Bit 
Data Transfer Displacement Real | integer | Real | integer 


ee Integer/Real Memory toST(0) | ESCAPE MF 1 | MOD 000 RM|  DISP. | 38-56 52-60 40-60 46-54 
“Long Integer Memory toST(0) [ESCAPE 1 11 | MOD 101 AM| _ DISP | 60-68 

Temporary Real Memory to ESCAPE 0 1 1/MOD 101 AM| _ DISP ! 53-65 

ve ae 


BCD Memory to ST(0) eouAre* t 4 54 MOD 1 0 0 R/M DISP 290-310 
ST(i) to ST(0) ESCAPE 0 0 1 | 7.0 0 8 GY 17-22 


FST = STORE eS 
ST(0) to Integer/Real Memory | ESCAPE MF 1 | MOD 0 1 0 R/M DISP | 84-90 82-92 96-104 80-90 


ST(0) to ST(i) ESCAPE 1 0 1 1 + OL. O STH) 15-22 


FSTP = STORE AND POP 


ST(0) to Integer/Real Memory ESCAPE MF 1 | MOD 0 1 1 R/M DISP | 86-92 84-94 98-106 82-92 

ST(0) to Long Integer Memory ESCAPE 1 1 1 MOD 1 1 1 R/M DISP 94-105 

ST(0) to Temporary Real ~ | ESCAPE 0. 1 DISP 52-58 7 
Memory ae ia" oy. we Wale 


“ | ST(0) to BCD Memory ESCAPE 1 1 1 | MOD 1 1 0 RIM DISP 520-540 


ST(0) to ST(i) [ ESCAPE T 0.4 | ee Oe os ee sti) | 17-24 
FXCH = Exchange ST(i) and ESCAPE 0 0 "| £1. 60°0"K STH 10-15 
ST(0) 


Comparison 
FCOM = Compare 


‘ Integer/Real Memory to ST(0) [ESCAPE MF 0 | MF 0 MOD 0 1 0 R/M | DISP 60-70 78-91 65-75 72-86 
ST(i) to ST (0) ESCAPE 0 0 0 Tt 0 .¥ ‘O. STG) 40-50 


FCOMP = Compare and Pop 


Integer/Real Memory to ST(0) ESCAPE MF 0; MOD 0 1 1 R/M DISP 63-73 80-93 67-77 74-88 


ST(i) to ST(0) ESCAPE 0 0 0O + 4 OO 4 T rh 45-52 
ae nbicdiee lca Taelicice tt eT | 15 


me ST(0) and Pop Twice 


: ' FTST = Test ST(0) ESCAPE 0 0O 1 2 7 33° 1 ee 38-48 
% FXAM = Examine ST(0) ESCAPE 001/11100101_, 12-23 


Mnemonics © Intel 1982. 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 
i Optional 
8,16 Bit 
Constants Displacement 


FLDZ = LOAD + 0.0 into ST(0) 


FLD1 = LOAD + 1.0 into ST(0) 


/ 


CAPE 0 0 1 


ESCAPE 0 0O 1 


FLDL2T = LOAD log 10 into 
ST(0) 


FLDL2E = LOAD log, e into 
ST(0) 


FLDLG2 = LOAD logo 2 into 
ST(0) 


FLDLN2 = LOAD loge2 into 
ST(0) 


Arithmetic 
FADD = Addition 
Integer/Real Memory with ST(0) 


— ST(i) and ST(0) 


FSUB = Subtraction 
Integer/Real Memory with ST(0) 


ST(i) and ST(0) 


ESCAPE 0 0 1 


ESCAPE 0 0O 1 


ESCAPE MF 


ESGAPE d PF 0) }:1-a 
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32 Bit 
Real 


18-24 


17-23 


: = 


90-120 108-143 95-125 — : ; 


' 


70-100 (Note 1) 


90-120 108-143 95-125 102. 


70-100 (Note 1) 


FMUL = Multiplication | BCs Fo ho 
Integer/Real Memory with ST(0) | ESCAPE MF DISP 110-125 130-144 112-168 124-138 | PSs 
Ls | oe wliee eterna? 8 > 2. Les caabee Z 
ST(i) and ST(0) ESCAPE d PO |11 001 RM 90-145 (Note 1) Sis s 
FDIV = Division , pe siiioat nce ees Oo Gr os em | aes a: 
Integer/Real Memory with ST(0) | ESCAPE MF “MOD 1 1 R RIM DISP | 215-225 230-243 220-230 224-238; 89 
ST(i) and ST(0) ESCAPE d PO|1111R RM | 193-203 (Note 1) u 
FSQRT = Square Root of ST(0) | ESCAPE 0 0 1 pts $A | 180-186 
FSCALE = Scale ST(0) byST(1) | ESCAPE 0.01/11 111101. 32-38 
FPREM = Partial Remainderof | ESCAPE 0 01/11 111000. 15-190 
ST(0)+ST(1) ° 
FRNDINT = RoundST(0)to | ESCAPE 001/11 111100 ] 16-50 
| Integer a eT SARS Sz Say a) ROB bie . Rages 
NOTE: 7 , 3 oe ‘ . ‘ i | ~~? - Z Pz : 4 iy => = F 
1, If P=1thenaddSclocks, Reet eet Bayne AY Sh a 
i Ao, © ARN ek Re ey Meee eS ns Ree eee SS ee a Cee ee ee 


| EXTRACT = Extract 
| Components of St(0) 


| FABS 
ith ap. STOp 
ae 


= Absolute Value of 


_FCHS = Change Sign of ST(0)_ 


; _ \ 


| ‘Transcendental 
| FPTAN = Partial Tangent of 
2 fr} STO) ie 


: 4 _ FPATAN = Partial Arctangent 
| of ST(0) +ST(1) 


“| raxmy = 28710); 


| FYL2X = ST(1)* Logs 
J {sto 


| -FYL2XP1 = ST(1)+ Log 


| ESTO) +1), 


| Processor Control 


| FINIT = initialize NPX 


prs. 


+ Ae 
| FSETPM = Enter Protected 


Yaseen . | FSTSw AX = Store Control 
: Ast ii Word 


13 FLDOCW = Load Control Word - 
fs a | 
| FSTCW = Store Control Word 
FSTSW = Store Status Word 
FCLEX = Clear Exceptions 
FSTENV = Store Environment 
FLDENV = Load Environment 
| -FSAVE = Save State 


_ FRSTOR = Restore State 


| FINCSTP = Increment Stack | 
| Pointer 


_| FDECSTP = Decrement Stack 
Pointer | 


Table 6. 80287 Extensions to the 80286 Instruction Set (cont. | 
ee att - Clock Count Range 


Dispiacement 


ESCAPE 0 0 1 


RAPE C 8,7 4 


SCAPE 0 0 1 


—_ 


_ 


ESCAPE 0 0 1 


—_ 


ESCAPE 0 0 1 
SCAPE 0 0 1. 
ESCAPE 0 0 1 


ESCAPE 0 0 1 


ESCAPE 0 1 


ESCAPE 0 0 1 | MOD 1 0 1 
CAPE 1 0 1 
ESCAPE 0 1 
CAPE 0 0 1 
ESCAPE 0 0 1 
ESCAPE 1 0 1 10 RM 


CAre + 0. 1 


ESCAPE 0 0 1 


ESCAPE 0 0 1 


FFREE = Free ST(i) ESCAPE 101/]/1 1 00 0 ST(i) | 
FNOP =No Operation ESCAPE 0°0.1/] 141.1 0°1 00°00 


rg ok 
. if mod=00 then DISP=0", disp-low and disp-high are absent 
_ if mod=01 then DISP=disp-low sign-extended to 16-bits, disp-high is absent, 
if mod=10 then DISP=disp-high; disp-low 
if mod=11 then r/m is treated as an ST(i) field 
2. if r/m=000 then EA=(BX) + (SI) +DISP 
if r/m=001 then EA=(BX) + (DI) +DISP 
if r/m=010 then EA=(BP) + (SI) +DISP ae 
if r/m=011 then EA=(BP) + (Dl) +DISP 
if r/m=100 then EA=(SI) + DISP 
if r/m=101 then EA=(Dl) + DISP 
if r/m=110 then EA=(BP) + DISP 
if r/m=111 then EA=(BX) + DISP 


*except if mod=000 and r/m=110 then EA =disp-high; disp-low. 
3. MF= Memory Format 
00—32-bit Real 
01—32-bit Integer 
10—64-bit Real 
11—16-bit Integer 
4. ST(0)= Current stack top 


ST(i) fa register below stack top 

5. d= Destination 

0—Destination is ST(0) 
1—Destination is ST(i) 

6. P= Pop 

0—No pop 
- 1—Pop ST(0) 

7. R= Reverse: When d=1 reverse the sense of R 
0—Destination (op) Source 
1—Source (op) Destination 


8. For FSQRT: -~0 < ST(0) < | 
For FSCALE: Beh ihe < coe. 5 and ST(1) integer 
For F2XM1: < ST(0) <2 
For FYL2x: ; < ST(0) < : 
| —0 < §T(1)< +2 
For FYL2XP1: 0 <IST(O)I < (2 -V2)/2 
: —2 <$T(1)<~ 
For FPTAN: 0 < ST(0) <7/4 : 
| For FPATAN: 0<ST(0)<ST(1)< +e : 


9. ESCAPE bit pattern is 11011. ; 


Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 
\ ‘ Clock Count Range 
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ADVANCE INFORMATION 


82284 — | 
CLOCK GENERATOR AND READY INTERFACE 


FOR iAPX 286 PROCESSORS 
(82284, 82284-6) 


= Generates System Clock for iAPX 286 = 18-pin Package 
Processors : 
gw Single +5V Power Supply 


oon ere or 21h Signal tor Frequency: Gcnaraios System Reset Output from 


ee Schmitt Trigger Input 
_ Provides Local READY and Multibus* = Available in EXPRESS 
READY Synchronization - Standard Temperature Range 


- Extended Temperature Range 


The 82284 is a clock generator/driver which provides clock signals for iAPX 286 processors and support compo- 
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with hysteresis. 


RES RESET 


SYNCHRONIZER 


x1 
x2 CLK 
/ 
EFI 
| 
F/C 
ARDYEN . SYNCHRONIZER 
SRDYEN 


— (oe foc et 
SRDY O LOGIC READY 
$1 d 

so ° GENERATOR PCLK 


| Figure 2. 
Figure 1. 82284 Block Diagram 82284 Pin Configuration 


“* Multibus is a patented bus of Intel 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied. 
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Table 1. Pin Description 


The following pin function descriptions are for the 82284 clock generator. 


| Symbol | Type Name and Function 


System Clock is the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output has twice the desired internal pro- 
cessor clock frequency. CLK can drive both TTL and MOS level inputs. 


Frequency/Crystal Select is a strapping option to select the source for the CLK output. When 
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH, 
the EFI input drives the CLK output. 


Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the 
crystal frequency. The crystal frequency must be twice the desired internal processor clock 
frequency. 


the processor has been reset. 
Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input. 


ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN 
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed 


PCLK Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of 
CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after 
response to synchronous inputs. 

Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The 


ARDYEN eS 
ARDY 
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK. 
Setup and hold times are given to assure aguaranteedresponse to synchronous inputs. 


SRDYEN Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
ROY. . 


must be satisfied for proper operation. 
S Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY 
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper oper- 


Ready is an active LOW output which signals the current bus cycle is to be completed. The 
SRDY, SRDYEN, ARDY, ARDYEN, $1, SO and RES inputs control READY as explained later in 
the READY generator section. READY is an open collector output requiring an external 300 
ohm pullup resistor. 

Status inputs prepare the 82284 for a subsequent bus cycle. SO and S1 synchronize PCLK to 


the internal processor clock and control READY. These inputs have pullup resistors to keep 
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper oper- 


Reset is an active HIGH output which is derived from the RES input. RESET is used to force the 
system into an initial state. When RESET is active, READY will be active (LOW). 


Reset In is an active LOW input which generates the system reset signal RESET. Signals to 
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so 
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 


ee eee System Power: +5V power supply : 


GND System Ground: 0 volts 
FUNCTIONAL DESCRIPTION ready synchronization logic and system reset genera- 
tion logic. 
Introduction Clock Generator 
The 82284 generates the clock, ready, and reset sig- The CLK output provides the basic timing control for’ 


nals required for iAPX 286 processors and support an iAPX 286 system. CLK has output characteristics 
components. The 82284 is packaged in an 18-pin DIP sufficient to drive MOS devices. CLK is generated by 
and contains a crystal controlled oscillator, MOS either an internal crystal oscillator or an external 
clock generator, peripheral clock generator, Multibus source as selected by the F/C strapping option. When 
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82288 ADVANCE INFORMATION — 


F/C is LOW, the crystal oscillator drives the CLK out- 
put. When F/C is HIGH, the EFI input drives the CLK 
output. 


The 82284 provides a second clock output (PCLK) for 
peripheral devices. PCLK is CLK divided by two. 
PCLK has a duty cycle of 50% and TTL output drive 
characteristics. PCLK is normally synchronized to the 
internal processor clock. 


After reset, the PCLK signal may be out of phase with 
the internal processor clock. The S1 and S0 signals of 
the first bus cycle are used to synchronize PCLK to 
the internal processor clock. The phase of the PCLK 
output changes by extending its HIGH time beyond 
one system clock (see waveforms). PCLK is forced 
HIGH whenever either SO or S7 were active (LOW) for 
the two previous CLK cycles. PCLK continues to os- 
cillate when both SO and S7 are HIGH. 


Since the phase of the internal processor clock will 
not change except during reset, the phase of PCLK 
will not change except during the first bus cycle after 
reset. | 


Oscillator 


The oscillator circuit of the 82284 is a linear Pierce os- 
cillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscilla- 
tor is internally buffered. The crystal frequency cho- 
sen should be twice the required internal processor 
clock frequency. The crystal should have a typical 
load capacitance of 32 pF. ; 


X1 and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capacitors 
are recommended, as shown in Table 2. The sum of 
the board capacitance and loading capacitance should 
equal the values shown. It is advisable to limit stray 
board capacitances (not including the effect of the 
loading capacitors or crystal capacitance) to less than 


_ 10 pF between the X1 and X2 pines. Decouple Vec- and 


GND as close to the 82284 as possible. 


CLK 
iAPX 286 
CPU or 
SUPPORT 
COMPONENT 


ci | 
- 


SEE TABLE 


DECOUPLING 
CAPACITOR 


Figure 3. Recommended Crystal and READY 
Connections 


4-78 


Reset Operation 


The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is active (LOW), the RESET output becomes ac- 
tive (HIGH). RES is synchronized internally at the fall- 
ing edge of CLK before generating the RESET output 
(see waveforms). Synchronization of the RES 

‘input introduces a one or two CLK delay before affect- 
ing the RESET output. 


At power up, a system does not have have a stable Voc 
and CLK. To prevent spurious activity, RES should be 
asserted until Voc and CLK stabilize at their operating 
values. iAPX 286 processors and support components 
also réquire their RESET inputs be HIGH a minimum of 
16 CLK cycles. An RC network, as shown in Figure 4, 
will Keep RES LOW long enough to satisfy both needs. 


Figure 4. Typical RC RES Timing Circuit 


A Schmitt trigger input with hysteresis on RES as- 
sures a single transition of RESET with an RC circuit 
on RES. The hysteresis separates the input voltage 
level at which the circuit output switches between 

. HIGH to LOW from the input voltage level at which the 
Circuit output switches between LOW to HIGH. The 
RES HIGH to LOW input transition voltage is lower 
than the RES LOW to HIGH input transition voltage. 
As long as the slope of the RES input voltage remains 
in the same direction (increasing or decreasing) 
around the RES input transition voltage, the RESET 
output will make a single transition. : 


Ready Operation 


The 82284 accepts two ready sources for the system 
ready signal which terminates the current bus cycle. 
Either a synchronous (SRDY) or asynchronous ready 
(ARDY) source may be used. Each ready input has an ~ 
enable (SRDYEN and ARDYEN) for selecting the type 
of ready source required to terminate the current bus 
cycle. An address decoder would normally select one 
of the enable inputs. 
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READY is enabled (LOW), if either SRDY + 
SRDYEN = 0 or ARDY + ARDYEN = 0 when sam- 
pled by the 82284 READY generation logic. READY 
will remain active for at least two CLK cycles. 


The READY output has an open-collector driver allowing 
other ready circuits to be wire or’ed with it, as shown in 
Figure 3. The READY signal of an iAPX 286 system 
requires an external 910 ohm + 5% pull-up resistor. To 
force the READY signal inactive (HIGH) at the start of a 
bus cycle, the READY output floats when either ST or SO 
are sampled LOW at the falling edge of CLK. Two system 
clock periods are allowed for the pull-up resistor to pull 
the READY signal to V\,. When RESET is active, READY 
is forced active one CLK later (see waveforms). 


Figure 5 illustrates the operation of SRDY and 


SRDYEN. These inputs are sampled on the falling 
edge of CLK when S1 and SO are inactive and PCLK is 
HIGH. READY is forced active when both SRDY and 
SRDYEN are sampled as LOW. 


Figure 6 shows the operation of ARDY and ARDYEN. 
These inputs are sampled by an internal synchronizer 


at each falling edge of CLK. The output of the synchro- | 


nizer is then sampled when PCLK is HIGH. If the syn- 


chronizer resolved both the ARDY and ARDYEN have 
been resolved as active, the SRDY and SRDYEN inputs © 


are ignored. Either ARDY or ARDYEN must be HIGH at 
end of Ts (see figure 6). 


READY remains active until either ST or SO are sam- 
pled LOW, or the ready inputs are sampled as inac- 
tive. 


42> 


Table 2. 82284 Crystal Loading Capacitance Values 


ADVANCE INFORMATION 


1 to 8 MHz 60 pF 
~ 8 to16MHz — 25 pF 


NOTE: Capacitance values must include stray board capacitance. 


Be caer 


Figure 5. Synchronous Ready Operation 
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Crystal Frequency C1 Capacitance C2 Capacitance Sao 
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errs pe 


intl = =—_—_ is azzes ADVANCE INFORMATION 


SRDYEN 


sc ae | 


em els 
RBs own te Oe Bs 
tales Roan 


Figure 6. Asynchronous Ready Operation 


ABSOLUTE MAXIMUM RATINGS* “Notice: Stresses above those listed under “‘Absolute 
Maxmum Ratings‘‘ may cause permanent damage to 

Temperature Under Bias............ 0°C to 70°C the device. This is a stress rating only and functional 
Storage Temperature .......... -65°C to +150°C operation of the device at these or any other condi- 
tions above those indicated in the operational sec- 

All Output and Supply Voltages ...... -0.5V to +7V tions of this specification is not implied. Exposure to 
Allinput Voltages ......... eo -1.0V to +5.5V absolute maximum rating conditions for extended 


periods may affect device reliability. 
Ser EMMOIOGUON 5020 fi gs essa KG eeehos 1 Watt 


D.C. CHARACTERISTICS (1,=0°C to 70°C, Voc = 5V, + 10%) 


es 
Viv Input LOW Voltage 
Input HIGH Voltage 
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82284 «0 ADVANCE INFORMATION 
A.C. CHARACTERISTICS (1, =0°C to 70°C, Veg = 5V, + 10%) | | oo 


AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet 
waveforms, unless otherwise noted. 


pd Sg lp ec ee 
tamer | nn | ie | tm | woe [unt ltcantton | 
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fees. fee | ns at 2.0V Note 1 
aes ats 
ee ee 
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t0.6V Note1 Note2 — 
i t3.8V Note 1 Note 2 

OV to 3.5V Note 1 
SV to 1.0V Note 1 
ote 1 
Noe Pee 
ote 1 
te 1 


om 

i 

pa 

Pe RSH 7 eee 

ae OCR ihe oe ees ese 
Ee i a eee ee ee 
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ee 
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ns | 
ns | 
10 | ns | 
ns | 


Status Setup Time 
Status Hold Time 


ag ea 


SRDY or SRDYEN Setup Time 


A 


SRDY or SRDYEN Hold Time 


ae 
° 


ARDY or ARDYEN Setup Time Note 1 Note 3 Bs 
Note 1 Note 3 : 


ote 1 Note3 
ote1 Note3 - 
0.8V Note 4 
0.8V Note 4 


= 


RES Hold Time 


R 
READY inactive Delay 
READY Active Delay 


ARDY or ARDYEN Hold Time We Ae as 
RES SetupTine ase oe SS SORA 


ps) 
=> 


18 


se] 
os 


ote5 Note 6 
2 eee ote5 Note 6 


PCLK LOW Time 
PCLK HIGH Time 


NOTE 1: CLK loading: C1 = 150pF. 


NOTE 2: With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting specifications 
t2, and t3. Use a parallel-resonant, fundamental mode crystal. The recommended crystal loading for CLK frequencies of 8- 
16MHz are 25pF from pin X,; to ground, and 15pF from pin X> to ground. These recommended values are + 5pF and include 
all stray capacitance. Decouple Voc and GND as close to the 82284 as possible. 

NOTE 3: This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK edge. 

NOTE 4: READY loading: lo, = 7mA, C, = 150pF. In system application, use 910 ohm +5% pullup resistor to meet 80286, 80286-6 and | 
80286-4 timing requirements. 

NOTE 5: PCLK and RESET loading: C, = 75pF. 


NOTE 6: t4 refers to any allowable CLK period. 
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ficareS 
— —,s Waveforms 


CLK as a Function of EFI 


NOTE: The EFI input LOW and HIGH times as shown are required to 
guarentee the CLK LOW and HIGH times shown. 


- RESET and READY Timing as a Function of RE 
with S1 and SO HIGH 


) 
= ae | P| 
(too) (too) 


opine 
| 
READY MMMM 


NOTE 1: This n async ne input. sine _ upa ie hold times 
Ww a et O gua ap: response show 
NOTE 2: Tie 910 ohm +5% pullup resistor to the READY output. 


READY and PCLK Timing with RES HIGH 


CLK 
$1,S0 


PCLK: 


a nd DU 


(14) Note 1 
an — WW? Wg 
Note 2 


ea This hp aceai Sub Obit i dil ae ee 
are ss d to gua ie esponse show 
_ NOTE 2: Tie 910 ohm +5% pullup resistor to the READY output. 
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82288 
BUS CONTROLLER 
FOR iAPX 286 PROCESSORS 


(82288, 82288-6) 
» Provides Commands and Control for s Optional Multibus* Compatible 
Local and System Bus Timing 
= Offers Wide Flexibility in System » Control Drivers with 16 ma Io, and 
Configurations . ' 3-State Command Drivers with 
32 ma Io. 


a Flexible Command Timing RySt 
a Single +5V Supply 


The Intel 82288 Bus Controller is a 20-pin HMOS component for use.in iAPX 286 microsystems. The bus 


controller provides command and control outputs with flexible timing options. Separate command out- — 


puts are used for memory and I/O devices. The data bus is controlled with separate data enable and direc- 
tion control signals. 


Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high 
speed bus cycles. 


i STATUS ae 


50 
Si 
M/iO a 


CONTROL 
INPUTS 


Figure 1. 82288 Block Diagram Figure 2. 88228 Pin Configuration 


*Multibus is a patented bus of Intel. 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
‘ t o 
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s2288 «©0fs AD WANG INFORMATION 


Table 1. Pin Description 


The following pin function descriptions are for the 82288 bus controller. 


Name and Function 


System Clock provides the basic timing control for the 82288 in an iAPX 286 micro- 
system. Its frequency is twice the internal processor clock frequency. The falling edge 
of this input signal establishes when inputs are sampled and command and control 
outputs change. 


Bus Cycle Status starts a bus cycle and, along with M/IO, defines the type of bus cycle. 
These inputs are active LOW. A bus cycle is started when either S1 or SO is sampled 
LOW at the falling edge of CLK. These inputs have pullups sufficient to hold them HIGH 


when nothing drives them. Setup and hold times must be met for proper operation. 


iAPX 286 Bus Cycle Status Definition 
oe OR RE Type of Bus Cycle 


Interrupt acknowledge 
/O Read 

/O Write 

None; idle 

Halt or shutdown 
Memory read 

Memory write 

None; idle 


—_ = = = OOOO 
——-§O0O]—_ = Oo 
—O=-0O 0-0 


Memory or I/O Select determines whether the current bus cycle is in the memory space or |/O 
space. When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met 
for proper operation. 


Multibus Mode Select determines timing of the command and control outputs. When HIGH, the 
bus controller operates with Multibus-compatible timings. When LOW, the bus controller optimizes 
the command and control output timing for short bus cycles. The function of the CEN/AEN input 
pin is selected by this signal. This input is intended to be a strapping option and not dynamically 
changed. This input may be connected to Voc or GND. 


Command Enable Latched is a bus controller select signal which enables the bus controller to 


.fespond to the current bus cycle being initiated. CENL is an active HIGH input latched internally 


at the end of each Tg, cycle. CENL is used to select the appropriate bus controller for each bus 
cycle in a system where the CPU has more than one bus it can use. This input may be connected 
to Voc to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times 
must be met for proper operation. 


Command Delay allows delaying the start of a command. CMDLY is an active HIGH input..If sampled 
HIGH, the command output is not activiated and CMDLY is again sampled at the next CLK cycle. 
When sampled LOW the selected command is enabled. If READY is detected LOW before the 
command output is activated, the 82288 will terminate the bus cycle, even if no command was 
issued. Setup and hold times must be satisfied for proper operation. This input may be connected 
to GND if no delays are required before starting a command. This input has no effect on 82288 
control outputs. 


READY indicates the end of the current bus cycle. READY is an active LOW input. Multibus mode 
requires at least one wait state to allow the command outputs to become active. READY must be 
LOW during reset, to force the 82288 into the idle state. Setup and hold times must be met for 
proper operation. The 82284 drives READY LOW during RESET. 
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Table 1. Pin Description (Cont.) bP cee 


symbor Sh Type Name and Function eo 


CEN/AEN Command Enable/Address Enable controls the command and DEN outputs of the bus | | 
ALE 


Fal ea 


When MB is HIGH this pin has the AEN function. AEN is an active LOW input which in- 
dicates that the CPU has been granted use of a shared bus and the bus controller com- 
mand outputs may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates 
that the CPU does not have control of the shared bus and forces the command outputs 
into 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an 
82289 bus arbiter which activates AEN when that arbiter owns the bus to which the bus 
controller is attached. 


When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which 
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW 
forces the command and DEN outputs inactive but does not tristate them. 


ee controller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are 


given to assure a guaranteed response to synchronous inputs. This input may be con- 

nected to Vcc or GND. | 

Address Latch Enable controls the address latches used to hold an address stable dur- cS ae ee 

ing a bus cycle. This control output is active HIGH. ALE will not be issued for the halt : ang 

bus cycle and is not affected by any of the control inputs. ; = 
Master Cascade Enable signals that a cascade address from a master 8259A interrupt 
controller may be placed onto the CPU address bus for latching by the address latches 
under ALE control. The CPU’s address bus may then be used to broadcast the cascade 
address to slave interrupt controllers so only one of them will respond to the interrupt 
acknowledge cycle. This control output is active HIGH. MCE is only active during inter- 
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable 
cascade address drivers requires latches which save the cascade address on the falling 
edge of ALE. 


Data Enable controls when data transceivers connected to the local data bus should 
be enabled. DEN is an active HIGH control output. DEN is delayed for write cycles in 
the Multibus mode. 


Data Transmit/Receive establishes the direction of data flow to or from the local data 
bus. When HIGH, this control output indicates that a write bus cycle is being performed. 
A LOW indicates a read bus cycle. DEN is always inactive when DT/R changes states. 
This output is HIGH when no bus cycle is active. DT/R is not affected by any of the con- 
trol inputs. 


/O Write Command instructs an I/O device to read the data on the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs contro! when this output 
becomes active. READY controls when it becomes inactive. 


1/0 Read Command instructs an I/O device to place data onto the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output 
becomes active. READY controls when it becomes inactive. 


Memory Write Command instructs a memory device to read the data on the data bus. 
This command output is active LOW. The MB and CMDLY inputs contro! when this out- 
put becomes active. READY controls when it becomes inactive. 


Memory Read Command instructs the memory device to place data onto the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when it becomes inactive. 


Interrupt Acknowledge tells an interrupting device that its interrupt request is being 
acknowledged. This command output is active LOW. The MB and CMDLY inputs con- 
trol when this output becomes active. READY controis when it becomes inactive. 


System Power: +5V power supply 
| GND. | System Ground: 0 volts Ae } 
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FUNCTIONAL DESCRIPTION 


introduction 


The 82288 bus controller is used in iAPX 286 
systems to provide address latch control, data 
transceiver control, and standard level-type com- 
mand outputs. The command outputs are timed 
and have sufficient drive capabilities for large TTL 
buses and meet all IEEE-796 requirements for 
Multibus. A special Multibus mode is provided to 
Statisfy all address/data setup and hold time re- 
quirements. Command timing may be tailored to 
special needs via a CMDLY input to determine the 
start of a command and READY to determine the 
end of a command. 


Connection to multiple buses are supported with 
‘a latched enable input (CENL). An address 
decoder can determine which, if any, bus con- 
troller should be enabled for the bus cycle. This 
input is latched to allow an address decoder to 
take full advantage of the pipelined timing on the 
iAPX 286 local bus. 


Buses shared by several bus controllers are sup- 
ported. An AEN input prevents the bus controller 


from driving the shared bus command and data 
signals except when enabled by an external bus 
arbiter such as the 82289. . ! 


Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is 
eliminated by disabling DEN before changing 
DT/R. The DEN timing allows sufficient time for 
tristate bus drivers to enter 3-state OFF before 
enabling other drivers onto the same bus. 


The term CPU refers to any iAPX 286 processor or 
iAPX 286 support component which may become 
an iAPX 286 local bus master and thereby drive the 
82288 status inputs. 


Processor Cycle Definition 


Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the iAPX 286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. Status 
signals are always asserted beginning in Phase 1 of 
the local bus master’s internal clock. 


/ 


ONE PROCESSOR CLOCK CYCLE 


ONE BUST STATE 


PHASE 1 
OF PROCESSOR 
CLOCK CYCLE 


PHASE 2 
OF PROCESSOR 
CLOCK CYCLE 


82284 
(FOR REFERENCE) 


Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82288 bus controller has three bus states (see 
Figure 4): Idle (T,) Status (Ts) and Command (T,). 
Each bus state is two CLK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 


The T, bus state occurs when no bus cycle is cur- 
rently active on the iAPX 286 local bus. This state 
may be repeated indefinitely. When control of the 
local bus is being passed between masters, the 
bus remains in the T, state. 


NEW CYCLE 


READY 
e 
NEW CYCLE 


Figure 4. 82288 Bus States 
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Bus Cycle Definition 


The S1 and SO inputs signal the start of a bus cy- 
cle. When either input becomes LOW, a bus cycle 
is started. The T; bus state is defined to be the two 
CLK cycles during which either S1 or SO are active 
(see Figure 5). These inputs are sampled by the 
82288 at every falling edge of CLK. When either $1 
or SO are sampled LOW, the next CLK cycle is con- 
sidered the second phase of the internal CPU clock 
cycle. ; 


_The local bus enters the T, bus state after the T, 


state. The shortest bus cycle may have one T, state 


and one T, state. Longer bus cycles are formed by _ 
repeating T, states. A repeated T, bus state is | 


called a wait state. 


The READY input determines whether the current 
T, bus state is to be repeated. The REAVY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each T, bus state 
to see if it is active. If sampled HIGH, the T, bus 
state is repeated. This is called inserting a wait 
state. The control and command outputs do not 
change during wait states. 


When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the T, bus state directly from T, if the status 
lines are sampled active at the next falling edge of 
CLK. 


LLL 


Figure 5. Bus Cycle Definition 
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- Table 2. Command and Control Outputs for Each Type of Bus Cycle 


None; idle 
Halt/Shutdown 


Monee bt | yt 


Operating Modes 

Two types of buses are supported by the 82288: 
Multibus and non-Multibus. When the MB input is 
Strapped HIGH, Muitibus timing is used. In 
Multibus mode, the 82288 delays command and 
data activation to meet IEEE-796 requirements on 
address to command active and write data to com- 
-mand active setup timing. Multibus mode requires 
at least one wait state in the bus cycle since the 
command outputs are delayed. The non-Multibus 
mode does not delay any outputs and does not re- 
quire wait states. The MB input affects the timing 
of the command and DEN outputs. 


Command and Control Outputs 


The type of bus cycle performed by the local bus 
master is encoded in the M/IO, S1, and SO inputs. 
Different command and control outputs are ac- 
tivated depending on the type of bus cycle. Table 2 
indicates the cycle decode done by the 82288 and 
the effect on command, DT/R, ALE, DEN, and MCE 
outputs. 


Command DT/R ALE, DEN MCE 
Activated State issued? issued? 
LOW YES YES 


eR oe es 


Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. The timing of the 
associated read command outputs (MRDC, IORC, 
and INTA), control outputs (ALE, DEN, DT/R) and © 
control inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output is ac- 
tivated. The MCE control output is only asserted 
during interrupt acknowledge cycles. 


Write bus cycles activate different control and 
command outputs with different timing than read 
bus cycles. Memory write and I/O write are write 
bus cycles whose timing for command outputs 
(MWTC and IOWC), control outputs (ALE, DEN, 
DT/R) and control inputs (CEN/AEN, CENL, CMDLY, 
MB, and READY) are identical. They differ only. in 
which command output is activated. 


Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
ignored until the next bus cycle is started via S1 
and SO. 


210471-003 
AFN-00787A 


ree ee ee 


- the bus cycle. For Figures 6-10, the CMDLY input is 


82288 


Figures 6-10 show the basic command and control 
output timing for read and write bus cycles. Halt 
bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CMD 
represents the appropriate command output for 


connected to GND and CENL to Vcc. The effects of 
CENL and CMDLY are described later in the sec- 
tion on control inputs. 


Figures 6, 7 and 8 show non-Multibus cycles. MB is 
connected to GND while CEN is connected to Voc. 
Figure 6 shows a read cycle with no wait states while 
Figure 7 shows a write cycle with one wait state. The 
READY input is shown to illustrate how wait states 
are added. 


Figure 6. 
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idle-Read-Idle Bus Cycles with MB =0 
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Figure 7. 
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Idle-Write-Idle Bus Cycles with MB = 0 
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Bus cycles can occur back to back with no T, bus 
states between T, and Ts. Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within Ts, Tc, or following bus state) of a bus cycle. 


A special case in control timing occurs for back to 
back write cycles with MB=O0. In this case, DT/R 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 


Figures 9 and 10 show a Multibus cycle with 
MB=1. AEN and CMDLY are connected to GND. 


The effects of CMDLY and AEN are described later 


in the section on control inputs. Figure 9 shows a 
read cycle with one wait state and Figure 10 shows 
a write cycle with two wait states. The second wait 
state of the write cycle is shown only for example 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. — 


CMD 
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Figure 8. Write-Write Bus Cycles with MB =0 


Figure 9. Idle-Read-Idle Bus Cycles with MB = 1 
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Figure 10. 


The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are 
automatically delayed in Multibus mode to satisfy 
three requirements: 


1)50 ns minimum setup time for valid address 
before any command output becomes active. 


2)50 ns minimum setup time for valid write data 
before any write command output becomes ac- 
tive. 


3)65 ns maximum time from when any read com- 
mand becomes inactive until the slave’s read 
data drivers reach 3-state OFF. 


Three signal transitions are delayed by MB=1 as 
compared to MB=0: 


1) The HIGH to LOW transition of the read com- 
mand outputs (IORC, MRDC, and INTA) are 
delayed one CLK cycle. 


2) The HIGH to LOW transition of the write com- 
mand outputs (IOWC and MWTC) are delayed 
two CLK cycles. 


3) The LOW to HIGH transition of DEN for write 
cycles is delayed one CLK cycle. 


“Tw ~ WM 
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idle-Write-idle Bus Cycles with MB = 1 


Back to back bus cycles with MB='1 do not 
change the timing of any of the command orcon- _ 


trol outputs. DEN always becomes inactive be- 
tween bus cycles with MB=1. 


Except for a halt or shutdown bus cycle, ALE will 
be issued during the second half of T, for any bus 
cycle. ALE becomes inactive at the end of the T, 


to allow latching the address to keep it stable dur- — 


ing the entire bus cycle. The address outputs may 
change during Phase 2 of any T, bus state. ALE is 
not affected by any control input. 


Figure 11 shows how MCE is timed during inter- 
rupt acknowledge (INTA) bus cycles. MCE is one 
CLK cycle longer than ALE to hold the cascade 
address from a master 8259A valid after the falling 
edge of ALE. With the exception of the MCE con- 
trol output, an INTA bus cycle is identical in tim- 
ing to aread bus cycle. MCE is not affected by any 
control input. 
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Figure 11. MCE Operation for an INTA Bus Cycle 


Control Inputs 


The control inputs can alter the basic timing of 
command outputs, allow interfacing to multiple 
buses, and share a bus between different 
masters. For many iAPX 286 systems, each CPU 
will have more than one bus which may be used to 
perform a bus cycle. Normally, a CPU will only 
have one bus controller active for each bus cycle. 
Some buses may be shared by more than one CPU 
(i.e. Multibus) requiring only one of them use the 
bus at a time. 


Systems with multiple and shared buses use two 
control input signals of the 82288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus controller to control the current bus cycle. 
The AEN input prevents a bus controller from driv- 
ing its command outputs. AEN HIGH means that 
another bus controller may be driving the shared 
bus. 


In Figure 12, two buses are shown: a local bus and 
a Multibus. Only one bus is used for each CPU bus 
cycle. The CENL inputs of the bus controllers 
select which bus controller is to perform the bus 
cycle. An address decoder determines which bus 
to use for each bus cycle. The 82288 connected to 
the shared Multibus must be selected by CENL 
and be given access to the Multibus by AEN 
before it will begin a Multibus operation. 


4-92 


CENL must be sampled HIGH at the end of the T, 
bus state (see waveforms) to enable the bus con- 
troller to activate its command and control out- 
puts. If sampled LOW the commands and DEN 
will not go active and DT/R will remain HIGH. The 
bus controller will ignore the CMDLY, CEN, and 
READY inputs until another bus cycle is started 
via Si and SO. Since an address decoder is com- 
monly used to identify which bus is required for 
each bus cycle, CENL is latched to avoid the need 
for latching its input. 


The CENL input can affect the DEN control out- 
put. When MB=0, DEN normally becomes active 
during Phase 2 of T, in write bus cycles. This tran- 
sition occurs before CENL is sampled. If CENL is 
sampled LOW, the DEN output will be forced LOW 
during T, as shown in the timing waveforms. 


When MB = 1, CEN/AEN becomes AEN. AEN con- 
trols when the bus controller command outputs 
enter and exit 3-state OFF. AEN is intended to be 
driven by a bus arbiter, like the 82289, which 
assures only one bus controller is driving the 
shared bus at any time. When AEN makes a LOW 
to HIGH transition, the command outputs im- 
mediately enter 3-state OFF and DEN is forced in- 
active. An inactive DEN should force the local 
data transceivers connected to the shared data 
bus into 3-state OFF (see Figure 12). The LOW to 
HIGH transition of AEN should only occur during 
T, or T, bus states. 


The HIGH to LOW transition of AEN signals that 
the bus controller may now drive the shared bus 
command signals. Since a bus cycle may be ac- 
tive or be in the process of starting, AEN can 
become active during any T-state. AEN LOW im- 
mediately allows DEN to go to the appropriate 
state. Three CLK edges later, the command out- 
puts will go active (see timing waveforms). The 
Multibus requires this delay for the address and 
data to be valid on the bus before the commands 
become active. 


When MB =0, CEN/AEN becomes CEN. CEN is an 
asynchronous input which immediately affects 
the command and DEN outputs. When CEN 
makes a HIGH to LOW transition, the commands 
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and DEN are immediately forced inactive. When 
CEN makes a LOW to HIGH transition, the com- 
mands and DEN outputs immediately go to the 
appropriate state (see timing waveforms). READY 
must still become active to terminate a bus cycle 
if CEN remains LOW for a selected bus controller 
(CENL was latched HIGH). 


x1 x2 


SRDY 


SRDYEN 
CLK READY S1 


LOCAL BUS 


ADDRESS 
DECODER 


ADDRESS 
DATA 


= ees mS 


Some memory or |/O systems may require mo 
address or write data setup time to command a 


‘tive than provided by the basic comune Se 


timing. To provide flexible command timing, the 


ARDY 


82284 ARDYEN 


,S0 


CMDLY input can delay the activation of com- 
mand outputs. The CMDLY input must be _ 
sampled LOW to activate the command outputs. 
CMDLY does not affect the control outputs ALE, 
MCE, DEN, and DTI/R. eres 
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CMDLY is first sampled on the falling edge of the 
CLK ending Ts. If sampled HIGH, the command 
Output is not activated, and CMDLY is again 
sampled on the next falling edge of CLK. Once 
sampled LOW, the proper command output 
becomes active immediately if MB=0. If MB=1, 
the proper command goes active no earlier than 
shown in Figures 9 and 10. 


READY can terminate a bus cycle before CMDLY 
allows a command to be issued. .In this case no 
commands are issued and the bus controller will 
deactivate DEN and DT/R in the same manner as if 
a command had been issued. 


Waveforms Discussion 


The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 
sitions of all signals in all modes. Instead, all 
signal timing relationships are shown via the 
general cases. Special cases are shown when 
needed. The waveforms provide some functional 
descriptions of the 82288; however, most func- 
tional descriptions are provided in Figures 5 
through 11. 


To find the timing specification for a signal transi- 
tion in a particular mode, first look for a special 
case in the waveforms. If no special case applies, 
then use a timing specification for the same or 
related function in another mode. 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... .0°C to 70°C 
Storage Temperature......... -—65°C to + 150°C 
Voltage on Any Pin with 

Respect toGND.......... .....—-0.5Vto +7V 
Power DisShDG@HGMs osc ces. pike ae o's ce 1 Watt 


*NOTICE: Stresses above those listed under “‘Ab- 
solute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (1, = 0°C to 70°C, Veg = 5V, +10%) 
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NOTE: 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC. 


2. Control Outputs are DT/R, DEN, ALE and MCE. 
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(T, = 0°C to 70°C, Voc = SV, +10%) 
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted. 
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NOTE: 3. AEN and MB are asynchronous inputs. This specification is for testing purposes only, to assure recognition at a specific CLK edge. 
! 4. Control output load: Cl = 150pF. 

5. Command output load: Cl = 300pF. 

6. Float condition occurs when output current is less then I.o in magnitude. 
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AEN CHARACTERISTICS WITH MB= 1 


NOTE 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. 
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| FAULT TOLERANT GENERAL DATA PROCESSOR: 

@ Range of Performance m= Memory Management Support On-Chip 
= ee ere Increases = Symmetrical Instruction Set for all 8-, 
— No Software Changes Required 1S end Set ae ee 
Larne Add @ IEEE Standard 32-, 64-, and 80-Bit 

m Large Address Space: Floating-Point Operations 
— 16 Megabytes Physical Memory 
— 1 Terabyte Virtual Memory ; @ Master/Checker Pairs Detect Hardware 

@ Capability-Based Addressing for seb bea Bytom sues 
Maximum Dependability __ @ Quad Modular Redundancy Ensures 

_— Most Software Faults Trapped immediate Recovery From Hardware 
Before Damage Occurs Faults 
— Debugging Time Reduced 
— Leads to Highly-Reliable, Robust 
Systems 


The iAPX 432 Micromainframe is a 32-bit multiprocessor specifically designed for those critical applications 
which demand absolute software reliability or hardware fault tolerance. At the heart of the system is the iAPX 
432 General Data Processor (GDP) consisting of two VLSI components, the iAPX 43201 and iAPX 43202. 


Together with the other members of the iAPX 432 component family (i.e., the 43203 Interface Processor, the — 


43204 Bus Interface Unit, and the 43205 Memory Control Unit) the GDP can be used to build a fault-tolerant 
computer system that sustain any single-point failure and yet continue to operate correctly, without interrup- 
tion. 


Intel 432 systems offer a range of performance: by adding or removing GDPs, the throughput of a 432-based 
product can be increased to support more users or reduced to save hardware cost with no change to software. 
Thus, a family of end products with differing levels of performance can be developed from identical hardware 
modules using the same software. | 
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GAPX 43201/iAPX 43202, 


The iAPX 43201 and iAPX 43202 are fabricated with Intel’s highly reliable + 5-Volt, depletion load, N-channel, _ 


silicon gate HMOS technology and each is housed in a 68-pin JEDEC Type A package. See Figures 1 and 2. 
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Table 1 summarizes all signal groups, signal names and their active states, and whether or not they are 
monitored by the Hardware Error Detection circuitry. 


Table 1. Pin Description 


| Symbol | Type Name and Function 


Processor Packet Bus Group 


ACD45 1/O 
ACDo 


Address/Control/Data Lines: These 16 bidirectional 
signals carry physical memory addresses, control information 
(access length and type), and data to and from the memory bus. 


When the GDP is in checker mode, the ACD pins are monitored by 
the hardware error detection logic and are in the high impedance 
state. : 


Processor Packet Bus Request: is issued to gain access to the 
bus. Normally low, the PRQ pin is brought high during the same 
cycle as when the first double-byte of address information appears 
on the ACD pins. PRQ remains high for only one cycle during the 
access, unless an address development fault occurs. In that case, 
the GDP leaves PRQ high for a second cycle to indicate it has 
detected an addressing or segments rights fault in completing the 
address generation. 


PRQ is checked by the hardware detection logic and remains ina 
high impedance mode when the GDP is in checker mode. 


interconnect Status: carries information on errors, data 
synchronization, and interprocessor communication. The 

interpretation of this signal depends on the current cycle of the bus 
transaction. See page 39 for a complete description. 


Enabie Buffers for Output: controls the direction of external 
buffers, if any are used. When Boyt is asserted, it indicates that the 


.- 

Bout 

| buffers must be directed to carry information outbound from the 
GDP. 


System Group 


Voc Power: These four pins supply 5-volt power to the GDP, and all 
_ must be connected; the pins are not connected together within the 
GDP. 
A oe 


| 


Ground: These five pins provide the ground reference for the GDP, 
and all must be connected; the pins are not connected together 
within the GDP. 


eo Alarm: monitors the condition of an unusual, system-wide condition 
such as power failure. Alarm is sampled on the rising edge of CLKa. 


_ Fatal: is asserted by the GDP under microcode control when the 
GDP is unable to continue due to various error or fault conditions. 
Once FATAL is asserted, it can only be reset by the assertion of 

INIT. 


Processor Clock: The assertion of PCLK for one cycle causes the 
system timer within the GDP to decrement. Assertion of PCLK for 
two or more cycles causes the system timer to be reset. PCLK must | 
remain unasserted for at least 10 clock cycles before being 

asserted again. The GDP samples PCLK on the rising edge of 

CLKa. 
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| Symbol | Type _ | Pee ae EN Nameand Function" 5 eae 


— Group (Continued) 


Clear: Assertion of CLR results in a microprogram trap causing the poste 
GDP to immediately terminate any bus transactions or internal eae 
operations in progress. The GDP resets to a known state, asserts ae 
FATAL, and awaits an IPC for initialization. The IPC is not serviced | 
for at least four clock cycles following the assertion of CLR ~ 
Response to CLR is disabled by the first CLR assertion and is | ; 
reenabled when the GDP receives the first IPC (or INIT assertion). Ras 
The GDP samples CLR on the rising edge of CLKa. eee 


Initialize: Assertion of INIT resets the internal state of the GDP and 

starts execution of the initialization microcode. INIT must be 

asserted for a minimum of 10 clock cycles. After the INIT pin returns 

to its nonasserted state, the GDP initializes all of its internal 

registers and windows, and waits for a local IPC. INIT is sampled on nc) 
the rising edge of CLKa. as 


Master: This signal determines whether the 43202 is to function as | 
a master or a checker. In master mode, the 43202 functions 
normally and drives all of its outputs. In checker mode, ACD45- 
ACDpo and PRQ enter a high impedance state and Boyt is 
unconditionally low. A 43202, whether master or checker, monitors 
the ACD;5-ACDp and PRQ lines and compares the data on them to 
its internally generated result, signaling disagreement on the HERR 
line. For normal operation, MASTER should be left unconnected or 


tied high. 


Hardware Error: This signal is asserted by the GDP to indicate 
disagreement between data appearing on the ACD15-ACDp and 
PRQ pins and the internally generated result of the GDP. HERR is 
valid during CLK, and can normally be asserted by a GDP and 
every clock cycle, except immediately following CLR. HERR 
requires an external 2.2 kN. nominal pullup resistor. 


CLKa Clock A: is a square-wave clock which must operate continuously . 
to preserve the operating state of the GDP. 

CLKg Clock B: is a square-wave clock which operates at the same 
frequency as CLKa, but lags it by 90 degrees. CLKp must operate 
continuously to preserve the operating state of the GDP. 


Intra-GDP Group 


N/A interchip Status Lines: carry microprogram information from the 
43202 back to the 43201. The lines are not checked by the 
hardware detection logic. 
plo—plis Microinstruction Bus Lines: carry microinstructions from the 
43201 to the 43202. They are not checked by hardware detection 
logic. 
RDROM 


Read ROM: This signal is used to read the microprogram from the 

43201 ROM. If RDROM is held low when INIT goes high, the 43201 

enters a diagnostic mode, and the microinstruction sequencer steps 

through the microprogram ROM, sequentially displaying (but not 

executing) the microinstructions on the july5-pI9 lines. While 
RDROM is useful for testing, it should be tied to Voc for normal 
operation. 
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FUNCTIONAL DESCRIPTION 


Introduction 


The iAPX 432 Micromainframe is a 32-bit multiproc- 
essor especially designed for those critical applica- 
tions which demand absolute software reliability or 
hardware fault tolerance. By developing the 432, In- 
tel has broken with three decades of tradition that 
have defined how computers operate and redrawn 
the line separating functions of hardware and soft- 
ware. Many operations that 432 processors perform 
automatically would be done by the operating sys- 
tem in conventional machines. The development of 
the 432 was driven by two major objectives: to re- 
duce the cost of software over the life cycle of the 
product, and to develop a computer with unprece- 
dented reliability. From any perspective, the 432 is 
an uncommon machine. 


Similar to many mainframe computers, processing in 
the 432 is divided between a central system, which 
handles data processing, and one or more peripher- 
al subsystems, which transfer data to and from I/O 
devices. There are two types of processors, General 
Data Processors (GDPs) and Interface Processors 
(IPs), and two types of support components, Bus In- 
terface Units (BIUs) and Memory Control Units 
(MCUs). Together, these VLSI components can be 
__ used to build a fault-tolerant computer system that is 
able to sustain any single-point failure of a compo- 
nent or bus, and yet continue to operate correctly, 
without program interruption and without software in- 
tervention. 


This concern for reliability in the 432’s design is not 
limited to automatic recovery from hardware faults, 
but extends to software as well. The 432 processors 
can detect hundreds of different software fault con- 
ditions from an attempt to divide by zero or execute 
data, to complex faults involving several indepen- 
dent processes. While most computers do not de- 
tect these faults at all, the 432 is able to trap and 
identify most faults before serious damage can oc- 
cur. AS a consequence, 432-based systems are eas- 
ier to debug, and systems shipped to end-users will 
prove substantially more reliable. 


Another important advantage of the 432 is the ability 
to tailor the throughput of the system to meet the 
price/performance requirements of each application 
or end-user. A family of products, for example, can 
be developed using the same hardware modules, 
simply adding or removing boards as the application 
requires. The end-user, for example, could buy an 
entry-level system with only two processors. The 
system would run more slowly than the high-end 
system, but it would also cost much less. Later, 


when the user’s needs grew, additional General 
Data Processors could be installed to handle the 
heavier load on the system. No need to change soft- 
ware; all the programs that the user had developed 
would still be compatible. In fact, if at any time, one 
of the processors failed, the user could remove it, 
and the remaining processors in the system would 
continue to execute programs correctly while a re- 
placement was sought. 


This unprecedented flexibility is possible only be- 
cause the 432 takes a unique approach to architec- 
ture, one closely tied to the structure of programs. 
The processors are no longer passive entities, re- 
sponding only to software, but they can execute 
many functions automatically to keep the system 
working efficiently and reliably. 


ARCHITECTURE 


This section describes the architecture of the iAPX 
432; that is, the machine-level programmer’s view of 
the computer. As a rule, only compiler writers actual- 
ly deal with the 432 at this level; however, many ap- 
plication programmers—who typically code in Ada— 
will find this discussion valuable for getting a “feel” 
for the operation of the underlying machine. Bear in 
mind that this discussion does not cover ail pro- 
gramming facilities and some of the concepts have 
been simplified for the sake of clarity and space; a 
complete description of the architecture can be 
found in the iIAPX 432 General Data Processor Ar- 
chitecture Reference Manual. 


Since the 432 is a multiprocessor system, with spe- 
Cialized types of processors optimized for different 
kinds of work, the architecture of the-GDP is differ- 
ent from the Interface Processor. At the same time, 
these diverse processors (and their associated soft- 
ware) must cooperate with each other to accomplish 
the overall task of the system. Therefore, the de- 
signs of the GDP and IP share an architectural foun- 
dation, the 432 common base architecture. The 
overall arrangement is illustrated in Figure 3. 


Common Base Architecture 


The common base architecture of the 432 is the 
glue that binds multiple processors, of the same and 
different types, together in a coherent system. 
Therefore, the common base architecture defines 
“global” facilities used by all processors, software, 
and support components (i.e., iAPX 43204 Bus Inter- 
face Unit and iAPX 43205 Memory Control Unit). 
These facilities include addressing, protection, ob- 
ject management, communication, timekeeping, and 
exception processing. 


171873-002 


Objects 


Memory protection systems can be considered in 
terms of boxes into which information can be locked 
and keys which can open the boxes. The 432’s box- 
es and keys correspond to the logical units found in 


many high-level programming languages (e.g., Ada, _ 


Pascal); in other words, programming units and pro- 
tection units match. Boxes are variable in size, each 
box containing one object; the object may be an 
array, a record, a list element, the text of a proce- 


Figure 3. A typical 432 system with two memory buses, two General Data Processors, 


iAPX 43201/iAPX 43202 


dure—in fact, any logical entity which should be 
uniquely identified and protected. 


Keys in the 432 are called access descriptors and 
are manifested in high level languages as pointers 
(instances of access variables in Ada). Whenever 
storage for a new object is allocated, whether by the 
linker or program statements, the processor auto- 
matically boxes the object (in its own segment), 
manufactures a unique key (access descriptor), and 
returns the key to the creating procedure. A brief 
introduction to objects can be found in Table 2. 
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and a single peripheral subsystem for |/O 


Table 2. 


Introducing Objects 


1. All information in an |APX 432 system is contained in objects. 
Even the instruction pointer, status flags, and other information used by the GDP are contained 


in objects. 


2. Each object can have two parts, a data part and an access part. 
The data part can contain any information except accesses. Data in the data part can be added, 
assigned, manipulated as bit fields, or used for any purpose other than accessing an object. The 


access part can contain only access descriptors (ADs). ADs are used for referencing objects 
and can only be modified in carefully controlled ways. : 


3. Objects can be created with different lengths. 


An object can have from 0 to 65,536 bytes in its data part, and from 0 to 16,384 ADs in its access 
part. Any reference to an object is automatically checked to ensure that it falls within the bounds 


of the object. — 
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Table 2. 


4. Each object has a fixed type. 


introducing Objects (Continued) 


The type of an object is determined when the object is created. An object’s type can be used to 
define the operations allowed on the object. Software can define new object types at run-time. 


5. Objects can be local to a program or subprogram call. 
Each object is created at a particular level that specifies whether the object is global or limited in 
scope to a particular program or subprogram activation. 


6. Objects can only be read or written via access descriptors. 
To access data in an object, you must specify an AD that references the object and also specify 
the offset within the object’s data part to the field accessed. 


7. A procedure call can only access those objects it has ADs for. 
Each activation of a program or procedure is itself represented by a context object. The 
instructions executed by the context can only access those objects for which the context has 
ADs or can obtain ADs. 


8. Access descriptors can provide restricted access to objects. 
Each AD specifies several rights bits, including read rights and write rights. To read from an 
object requires read rights set on the AD used; to write to an object requires write rights on the 
AD used. Different module activations can have ADs for the same object, but with different rights. 


Storage 


Address Spaces There are several distinct address 
spaces in a iAPX 432 system. Each peripheral sub- 
system, for example, has a local memory space, and 
typically, a local |1/O space. A portion of each periph- 
eral subsystem memory space is mapped by an In- 
terface Processor into the central system. Proces- 
sors (and DMA controllers) in a peripheral subsys- 
tem can gain access to central system data by read- 
ing and writing these local mapped address spaces. 


_ The central system is divided into two 16-Megabyte 
physical address spaces, the memory space and 
the interconnect space. For the most part, the in- 
terconnect space consists of hardware registers 
used by the Bus Interface and Memory Control Units 
to maintain fault-tolerant systems. The MCU, for ex- 
ample, logs the number of memory errors it has de- 
tected and corrected in a register that processors 
are able to read by addressing the interconnect 
space. 


GDPs use the instruction MOVE FROM INTERCON- 
NECT SPACE to read these registers and MOVE TO 
INTERCONNECT SPACE to write to them. Peripher- 
al subsystem software can gain access to the inter- 
connect space through Window 1. All other 432 in- 
structions and commands reference the memory 
space. . 


Logical addressing To operate on a data item, a 
GDP instruction (or IP command) presents a logical 
address as shown in Figure 4. For a GDP, a data 
item is an integer, character, or real number. In the 
case of an IP data transfer, such data items are sim- 
ply bytes or double bytes. The logical address of a 
data item consists of an access descriptor and a 
displacement (offset) into that object. The several 
ways of specifying these components, particularly 
the displacement, give rise to the GDP’s addressing 
modes, which are described in a later section. 


Physical Translation GDPs translate logical ad- 
dresses into 24-bit physical address; programs have 
no way to generate physical addresses directly. As 
shown in Figure 5, the essence of the translation is 
finding the physical base address of the target ob- 
ject and adding the displacement.component to it. 


As you'll recall, associated with each 432 procedure 
(or function) is an object reference list (set of keys) 
called access descriptors; this array of access de- 
scriptors defines the objects that are currently ad- 
dressable by the procedure. The access descriptor 
in turn selects an entry in an object table. This entry, 
called an object descriptor, contains the base ad- 
dress of the. target object. 
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Figure 4. Simplified View of Logical Addressing 


The focal point of the translation procedure is the 
object table. (Naturally, only the operating system’s 
memory manager has a reference to the object table 
itself.) Every object in a system is represented by a 
single object descriptor, which contains its base ad- 
dress and other descriptive information. Conversely, 
there may be many access descriptors for a single 
object scattered among the access descriptor lists 
of all programs that have access to that object. Mov- 
ing an object (to compact physical memory, for ex- 
ample), only requires updating its object descriptor, 
regardless of how many programs hold references 
to it. 


Note that to improve performance, 432 processors 
automatically maintain two groups of physical ad- 
dresses on chip. The addresses of frequently used 
system objects, such as the object table, are always 
immediately available. In addition, the processors 
cache exploits the tendency of most programs to 
cluster their references to a few objects at a time. 


Virtual Memory Support Three fields in object de- © 


scriptors aid a 432 executive’s virtual memory man- 
ager. The allocated bit indicates whether real mem- 
ory is associated with the object. When the virtual 
memory manager swaps an object out to external 
storage, it clears this bit first. The hardware checks 
the allocated bit during address translation; if it is 
clear, the hardware faults, and control passes to the 
memory manager. The memory manager can then 
swap the object back into physical memory, set the 
allocated bit, and return control to the instruction 
that faulted. 


The accessed bit is set by the hardware when an 
object is referenced by an instruction. By periodically 
checking and clearing this bit in all object descrip- 
tors, the virtual memory manager can gain insight 
into the frequency with which each object is being 
used. This information can then be used to select 
objects to be swapped out, for example, on a least- 
recently-used basis. 
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The altered bit is set by hardware when an object is 
updated. If a virtual memory manager decides to 
swap an object that has not been altered, and it 
knows that a copy already exists in external storage, 
it can save time by discarding the memory-resident 
copy without swapping it. Both the accessed and 
altered bits are also cached on-chip to keep object 
table references to a minimum. 


Protection and Access Control The services pro- 
vided by modern operating systems typically take 
the form of procedures that can be called by user 
processes. Since most computers do not provide 
procedure-level protection as a matter of course, a 
special arrangement is necessary to protect operat- 
ing system procedures from their callers (an OS pro- 
cedure runs in the same process as its caller). 


MEMORY REFERENCE 


ACCESS 
SELECTOR 


PROGRAW’S ACCESS 
ENVIRONMENT 


SYSTEM-WIDE TABLE OF 
OBJECT DESCRIPTORS 


OFFSET 
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Figure 5. Two-Level Address Mapping 
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The usual approach is to confer privilege upon OS 
procedures while denying it to user processes. In 
effect, privilege is a second lock that operating sys- 
tem procedures can apply to boxes containing their 
information. If a computer has one privilege level 
(e.g., privileged supervisor, unprivileged user) then 
one key opens any privilege lock. A 4-level privilege 
scheme (e.g. kernel, executive, supervisor, user) 
provides more locks, one for each level. Each privi- 
leged key, however, not only opens all locks of the 
same level, but is effectively a master key for all 
lower privilege levels. 


Privilege thus provides an asymmetric form of pro- 
tection: information stored at a given level is protect- 
ed from lower-level procedures only, not from proce- 
dures at the same or higher levels; in fact a proce- 
dure at the lowest level runs on an unprotected ma- 
chine. 


The 432’s protection system, in contrast, is symmet- 
ric: every procedure—part of the operating system 
or not—is equally protected from every other be- 
Cause every procedure has access only to those ob- 
jects it absolutely needs. The 432’s run-time protec- 
tion system is based on limiting the distribution of 
information and controlling the manner in which ac- 
cessible information is referenced. Each object is 
protected as a unit, and each executing procedure 
has a unique access environment that specifies ex- 
actly which objects it may use, and in what manner it 
may use them. At the same time, the system is flex- 
ible enough to permit straightforward sharing of in- 
formation between cooperating processes. 


Limited Access Environments At any given point 
in time, a procedure’s access list constitutes its cur- 
rent access environment. Since addresses can only 
be constructed from the access descriptors on this 
list, it is impossible for a procedure to gain access to 
any object for which it does not hold an access de- 
scriptor. 


A procedure creates an initial access environment 
(called a context) for a procedure as part of its exe- 
cution of the CALL instruction that invokes the pro- 
cedure. (Actually, the entire context is not created 
each time a procedure is called, rather, to increase 
performance, each process is given a set of inactive 
contexts after compilation. When a procedure is 
called the context is “filled in” with the parameters 
for that activation.) This initial environment includes 
references for all objects that could be ascertained 
at compile-time: objects containing constants and 
statically allocated variables, and any procedures 
called by this procedure. In addition, the processor 
creates a reference to any parameters passed by 
the caller, to free storage from which new objects 
may be allocated, and to an operand stack for use in 
evaluating expressions in this activation. 
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As the procedure executes, it may modify its own 
access environment. For example, it may create a 
new object, it may receive an object reference from 
another process, or it may delete an object refer- 


-ence that is no longer needed. Notice that while the 


procedure may create new data at will, the only way 
for it to obtain access to data outside its initial envi- 


ronment is through the explicit cooperation of anoth- 
er process (i.e., through the interprocess communi- | 


cation facility called ports). 


By entering a new context for each procedure acti- 
vation, the 432 provides inherent support for reen- 
trant and recursive programming. The complete 
change in access environments caused by the pro- 
cedure invocation ensures that the called procedure 


inherits no part of its caller's environment, except for — 


the parameters that have been passed to it. When 
the called procedure returns, the processor switches 
back to the caller’s environment. 


integral Sharing Sharing is the other side of protec- 
tion. To be able to share pieces of memory among 
processes in a controlled way is an important capa- 
bility for a computer. Popular procedures and pro- 
grams (especially editors and compilers) are often 
executed by many processes simultaneously; shar- 
ing a single copy of the code among all processes 
not only saves memory, but reduces virtual memory 
I/O traffic and disk space requirements. 


The ability to share data is as important as sharing 


instructions; some applications, especially control- 
oriented ones, are most easily implemented as mul- 
tiple processes sharing key data structures. The al- 
ternatives to memory sharing (maintaining separate 
copies for each process or sharing a file instead of 
memory) are often too wasteful, too complicated, or 


too slow to be practical in applications where the - 


processes must have fast access to up-to-date infor- 
mation. 


Unfortunately, most computer addressing schemes 
favor either protection or sharing. To protect proc- 
esses from each other, many computers map them 
into separate address spaces; sharing an item then 
requires construction of a bridge between the two 
address spaces, which—when done at all—provides 
an awkward and incomplete facility. Other comput- 
ers run processes in the same address space, en- 
abling sharing but sacrificing protection (i.e., proc- 
esses share everything). 


The 432 has a single address space; every object in 
this space is potentially sharable by every process in 
the system. Protection is obtained by restricting the 
object each procedure can address to the subset it 
“needs to know”’ to perform its function; at any time 
the subset is defined by the procedures list of ac- 
cess descriptors. , 
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An object is shared if procedures in more than one — 


process has references for it (conversely, an object 
is private if there is only a single reference for it). 
The references can be provided by the compiler or 
can be obtained at run-time. (Note that interprocess 
sharing is a requirement of Ada and other languages 
that support concurrent programming.) 


Typing Given that a procedure has access to an 
object (has a reference for it), the protection system 
insures the basic integrity of that object. That is, in- 
struction references to the object are checked to 
make certain that they make sense for that object. 
By typing each object, the 432 hardware can posi- 
tively determine what an object is; this, in turn, im- 
plies which operations (i.e., instructions) are valid for 
the object and which are not. In order to maintain 
good performance, however, the individual data 
items (e.g., characters, integers, etc.) within an ob- 
ject are typed and typed-checked at compile-time, 
not run-time. 


Types of Objects There are five classes of objects 
that are used in a 432 system: 


e System objects 

Generic objects 

Dynamic-type objects 

Refinements of any of these objects 
Interconnect objects 


System objects have specific uses and formats 
recognized by 432 processors, and serve as the 
backbone of the architecture and the operating sys- 
tem. The 432 provides a very high-level of support 
for operating system functions because the proces- 
sors are able to recognize and manipulate system 
objects. Processors operate on system objects in 
two ways: by executing high-level instructions on be- 
half of the operating system, and by executing cer- 
tain functions on their own initiative, without soft- 
ware intervention. 


The structure of a high-level program is reflected in 
the type and function of system objects. An Ada 
package, for example, is represented within the 432 
as a domain object. The domain object contains a 
list of procedures, functions, and data associated 
with the single package; and like a package, is divid- 
ed into private and public parts. Procedures in the 
public part of a domain correspond to procedures 
which are declared in the specification part of a 
package, and which are accessible to outside users. 
The private part of the domain, in contrast, corre- 
sponds to those data structures, functions, and pro- 
cedures within the implementation section (body). 
No outside user can operate on, or directly call, 
these structures. 
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Instruction and data objects are good examples of 
the protection that an object-based architecture pro- 
vides. Instructions contained in an instruction object 
cannot be manipulated as data, and likewise, the 
entries in a data object cannot be fetched by a proc- 
essor for execution. Further, both the instruction and 
data objects are hidden from users in the sense that 
access to them is provided only through a procedure 
Call. 


The type managers for system objects are combina- 
tions of hardware and operating system software, so 
application programmers have no need to under- 
stand the internal organizations (representations) of 
these objects. A few of them, however, are corner- 
stones of the 432 architecture and it is worthwhile to 
examine them from a functional point of view. In- . 
struction objects, from which processors fetch a © 
procedure’s machine instructions, have already 
been mentioned. Later in this section storage re- 
source and port objects will be discussed. 


Processor and process objects are used, natural- 
ly, to manage processors and processes. There is 
one processor object for each GDP and IP in the 
system. At initialization time, each processor obtains 
a reference for its own processor object, which it 
holds on-chip indefinitely. There is also one process 
object for each process (task) in the system. A proc- 
essor object contains an access descriptor for a 
process object. Dispatching a new process to run on 
a processor amounts to changing this access de- 
scriptor. The entire set of system objects is de- 
scribed briefly in Table 3 and illustrated in Figure 6. 


Generic objects An object whose type is generic is 
one that has no special significance to the hardware; 
its system type is effectively “none.” Creating gener- 
ic objects is faster than creating other types of ob- 
jects and requires no special privilege. In languages 
such as Ada or Pascal, executing a NEW operation 
creates a record referenced by a pointer. In the 432, 
the operation creates a generic object and an ac- 
cess descriptor to reference it. 


Dynamic-Typed Objects OEM-developed software 
added to a computer needs protection for exactly 
the same reasons that the operating system does. 
Coexisting with unknown programs that have been 
written by fallible (and sometimes malicious) end-us- 
ers, the OEM software must keep running correctly 
and must prevent the disclosure or alteration of sen- 
sitive information belonging to either the OEM or the 
end-user. The principal weakness of conventional 
protection systems is that the hardware vendor mo- 
nopolizes the protection facilities of the machine, 
leaving only interprocess protection for the OEM or 
end-user. In the 432, full protection can be extended 
to every new facility, whether added by Intel, the 
OEM, a software vendor, or the end-user. 
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Table 3. iAPX 432 System Objects 


Instruction Object ; 
contains GDP instructions; the GDP will fetch js tala rae from instruction objects. a 


represents a program module (package) and references subprograms (instruction objects) and 
data objects in the module. 


Context 
represents a program or subprogram activation (call) and defines the access environment of the 
Call, i.e., the set of objects that the activation can reference. 


Type Definition Object (TDO) eee oes 
represents a software-defined object type, and can contain attributes of the type (e.g., the type iw 
name). peo 

Type Control Object (TCO) | 


represents type-specific privileges, such as the right to create objects of a particular type or to 
gain access to objects of a particular type. 


Object Table 
contains the object descriptors used in object addressing and memory inanngenmbe 


Storage Resource Object (SRO) 
represents a free storage pool used to create new objects; references an object table that will 
contain the new object’s descriptor, a physical storage object from which the new segment will 
be allocated, and a storage claim object that limits allocation from this SRO. 


Physical Storage Object (PSO) 
specifies free storage blocks in memory. 


Storage Claim Object (SCO) 
limits the number of bytes that can be allocated from a set of SROs that reference this SCO. 


Process 
represents a program or subprogram activation that can execute concurrently (in parallel) with 
other processes. 


| Port 


provides communication between concurrent activities. A port includes a queue of messages 
sent to the port but not yet received, and a queue of blocked activities waiting to receive | eg 
messages (at an empty port) or to send messages (at a port with a full message queue). | 


Carrier 
represents an activity in communication with other concurrent activities via ports. Carriers carry 
messages to and from ports. 


Processor Object 
contains attributes and state information for an iAPX 432 processor (e.g., a GDP). Because 
programs in an iAPX 432 system can only manipulate information in objects, all information 
about a processor that must be visible to software must be contained in an object. 


Processor Communication Object 
_ . used by the iAPX 432 interprocessor communication mechanism to transfer messages between 
processors. 
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nee Figure 6. 432 System Objects (Reserved areas are used by 
. processors; preserved areas are available to system software) 
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Figure 6. 432 System Objects (Reserved areas are used by 
processors; preserved areas are available to system software) (Continued) 
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If base typing protects the 432’s addressing mecha- 
nism, and system typing protects the 432’s system 
objects, dynamic-typing can be viewed as protecting 
users from one another. In essence, dynamic-typing 
enables a programmer to define a specific type of 
object including the operations that are valid for it, 
and then have the hardware enforce the definition, 
just as it would for any of the system objects. 


When a type manager creates a dynamic-type ob- 
ject for a user, it returns an access descriptor for 
that object. When the user subsequently wishes to 
manipulate the object, it passes the access descrip- 
tor as a parameter in a call to one of the type man- 
ager’s operations. Dynamic-typing prevents the user 
from manipulating the object’s representation direct- 
ly; the user holds a reference for the object, but the 
object is effectively ‘sealed’ from access. Only the 
type manager can “unseal”’ the object; any other 
attempt to operate on the object’s contents is abort- 
ed by the hardware. 


Refinement Occasionally, it is convenient to define 
a new object that is a subset of an existing object. A 
“personnel record,” for example, might contain 
“public” information such as name and department, 
and “private” information, such as salary. A process 
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Figure 7. Refinement Object 
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with access to the complete record may want to 
send only the public part to another process. It may 
do so by creating what is called a refinement of the 
object (see Figure 7). 


interconnect Objects Groups of hardware registers 
within the interconnect space are represented as In- 
terconnect Objects, and can be accessed by the 
GDP only through the MOVE TO INTERCONNECT 
and MOVE FROM INTERCONNECT operators 


(Note: an Interface Processor gains access by open- 


ing Window 1 onto an Interconnect Object). Inter- 
connect objects have no access descriptors. 


Rights and Bounds Each access descriptor con- 
tains a set of rights which further defines how the 


holder of the reference may use the referenced ob- 


ject (see Figure 8). These base and system rights 
are set when the hoider is given the reference. Base 
rights define whether the object may be read-only, 
write-only, either or neither. A user with a reference 
to a system object, for example, will be unable to 
read or write the object. System rights are system- 
type-specific; for example, the system rights for a 
port object indicate whether the holder may send a 
message to the port, or receive a message from the 


port. 
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Figure 8. Access Descriptor Format 


A type manager may define up to five rights for the 
dynamic-typed object it manages. It may selectively 
grant rights to a user when it creates an object and 
returns the reference for it. When a type manager 
receives a reference for an object, it may compare 
the rights in the reference to the operation request- 
ed by the user. The manager of a “bank account” 
object, for example, may permit all users to credit 
and debit bank accounts, but only a few may be 
granted the right to close an account. 


Finally, the hardware performs a bounds check to 
insure that the displacement component of a logical 
address in fact falls within the target object. This is 
done by simply comparing the displacement to the 
object’s length (contained in the object descriptor). 


For improved performance, the hardware holds 
length and rights information for frequently-used ob- 
jects, as well as their physical base addresses, and 
virtual memory control information, on chip. 


Object Management 


Reference Manipulation A procedure sometimes 
needs to manipulate the entries in its access de- 
scriptor list (as opposed to the objects the list refer- 
ences). The common base architecture defines op- 
erations that permits copying an access descriptor 
from one “slot” to another, and for nulling an access 
descriptor. This last operation is used to delete the 
. teference to an object that is no longer needed. An- 
other operation permits a procedure to inspect an 
access descriptor, for example, to examine the 
rights bits. A procedure may similarly inspect the ob- 
ject table entry indexed by an access descriptor to 
see, for example, if the object is dynamic-typed (i.e., 
the entry is for a type control object, rather than an 
object descriptor). 
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Object Creation and Deletion Free storage in cen- 
tral system memory is accounted for in system ob- 
jects called storage resource objects, or SROs. 
SROs are lists of unallocated blocks of memory. 
Given a reference to an SRO, a procedure can cre- 
ate a new object dynamically; the instructions that 
create new objects automatically update the SRO 
from which storage is obtained. 


Objects have “lifetimes”: they come into being and 
occupy storage, and they also disappear, giving up 
their storage. The 432 common base architecture 
distinguished between short-term and long-term ob- 
jects. A short-term object exists for the lifetime of 
the procedure that creates it; that is, it is allocated 
when the procedure is called and it is deallocated 
when the procedure returns. An operand stack, for 
example, is automatically created when a procedure 
is called, and a procedure may create an object to 
pass as a parameter to another procedure. A long- 
term object exists after its creating procedure re- 
turns; in fact, it lives indefinitely, until there are no 
object references left for it. A type manager “‘create”’ 
operation will create a long-term object. 


As mentioned, short-term objects are deallocated 
automatically by the hardware when the creating 
procedure returns to its caller. Long-term objects are 
deallocated by a software routine called a garbage 
collector. This operating system routine sweeps 
through memory looking for objects that no longer 
have references left to them. When such an object is 
found, the garbage collector reclaims the storage 
occupied by the object by removing the object’s de- 
scriptor from the object table and returning the. stor- 
age block(s) occupied by the object to the SRO from 
which it was allocated. 
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Garbage collection is a complex operation; most 
conventional systems let garbage accumulate until a 
request for memory allocation cannot be satisfied. 
Then they halt normal execution, collect garbage, 
and resume operation. To avoid this suspension of 
service, the 432 architecture defines a reclamation 
bit in each object descriptor. By setting the reclama- 
tion bit whenever it copies an object reference, the 
hardware permits garbage to be collected on-the-fly, 
in parallel with normal execution. The operating sys- 
tem performs garbage collection automatically, re- 
lieving programmers of much of the burden of stor- 
age management. 


Mutual Exclusion It is perfectly possible for two 
processes to hold references for the same object 
(see Figure 9, for example). If both processes only 
read the object they need not coordinate their oper- 
ations. Consider, however, an object that accumu- 
lates the total number of transactions handled by 
several processes. Every so often each of these 
processes adds the number of transactions it has 
handled in the preceding time period to a field in this 
object. Although the addition is performed in a single 
machine instruction, at least three memory access- 
es are required to complete the operation: 1) read 
the old total; 2) read the increment; 3) write the new 
total. The integrity of the total is in jeopardy when 
two processes update it at nearly the same time. 


PROCESS 
A 


DATA DATA 
OBJECT OBJECT 
1 2 


Figure 9. Two processes can share access to the same object. In the figure, 
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The 432 has three classes of mutual exclusion 


mechanisms: |/O locks, object locks, and indivisible - 


operations. Each object’s storage descriptor con-. _ 
tains a bit called the I/O lock. When an Interface — 


Processor opens a window on the object, it checks 
to see that the object is not already |/O-locked, and 
then it locks it for the duration of the I/O transfer. 


Software running on a GDP may check for an I/O 


lock by inspecting an object’s storage descriptor. 


An object lock field may be defined for any data 
object. Processes that update such an object agree 
by convention not to update the object without first 
locking it, and further agree to unlock the object as 
soon as exclusion is no longer required. The LOCK 
OBJECT is conditional: it returns a value that indi- 
cates if the object was successfully locked (i.e., was 
not locked by another process). A process should 
refrain from accessing the object until it successfully 


locks it. In general, an object’s type manager will — 


take care of locking and unlocking the objects it 
manages, eliminating the need for object users to 
know anything about locks. 


Note that a processor locks a 432 system object 


when it needs exclusive access to it during the exe- 
cution of a high-level operation. This prevents anoth- 
er processor, or an executive routine, from interfer- 
ing with a critical operation on the object. 


PROCESS 
B 


DATA DATA 
OBJECT ie as 
3 
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both Processes A and B can access Data Object 3. In these cases, 
some mutual exclusion mechanism must be used to prevent inconsistent updating. 
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Often an object only needs to be locked for the du- 
ration of one instruction. The common base archi- 
tecture defines operators that permit addition and bit 
field insertion (1 to 32 bits) to be performed indivisi- 
bly. When an indivisible operator is executed, the 
processor signals a read-modify-write bus cycle; the 


- system memory controller must not permit a second 


RMW-write access to the target memory until the 
updated value has been written back into memory. 
Thus, the integrity of a shared value is guaranteed 
so long as programs that update it do so with indivis- 
ible operations. 


While a refinement is effectively a new object that is 
a contiguous subset of an existing one, it actually 
requires only a new access descriptor, thereby sav- 
ing storage and execution time. A process with a 
reference to a refinement has no knowledge of the 
“underlying” refined object. The process that creat- 
ed the refinement, however, can “retrieve” the re- 
fined object from a reference to the refinement. 


Process Communication 


Except as they hold references to the same objects, 
432 processes are completely independent of one 
another. Two processes may execute alternately on 
the same processor, or they may execute simulta- 
neously on different processors. The 432 interpro- 
cess communication facility enables processes to 
communicate with each other by transmitting access 
descriptors (as messages) through memory during 
execution. 


Since any object reference can be transmitted, proc- 


ess communication is an extremely efficient and ver- 


PROCESS A 


ACCESS 
DESCRIPTORS 


satile facility; it provides the basis for |/O operations 
and process dispatching in addition to more tradi- 
tional message passing. Process communication 
can also be used to implement another form of mu- 
tual exclusion. 


A complete transmission consists of a send and a 
corresponding receive. Since processes execute 
asynchronously with respect to each other, the 
time at which a process desires to send a message 
is unrelated to the time at which another process is 
ready to receive a message. Further, the rates at 
which processes send and receive are, for the most 
part, unpredictable. This is in contrast to the syn- 
chronous communication of procedures within the 
same process, which may pass object references as 
parameters in ordinary call and return operations. A 
call effectively suspends execution of the caller and 
starts execution of the called procedure; a return ter- 
minates the called procedure and. resumes the call- 
er. 432 interprocess communication, on the other 
hand, allows the communicating processes to run 
concurrently. 


The 432 port object provides the synchronization 
and buffering needed for asynchronous process 
communication. Conceptually, a port is a queue; two 
processes with references to the same port have a 
channel over which they can communicate. A proc- 
ess wishing to transmit a message executes a SEND 
operator, which copies the access descriptor to the 
port (see Figure 10). A processes ready to obtain the 
message executes a RECEIVE operator, which 
moves the access descriptor at the head of the 
queue to the receiver’s object reference list, thereby 
making the object accessible and deleting it from the 
queue. 


PROCESS B 


ACCESS 
DESCRIPTORS 
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1) Both Process A and Process B have an access descriptor for the port, while A has an access 


descriptor for the target object. 


Figure 10. Simple Message Transmission 
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2) Asends message to port; an access descriptor for the target object is queued. 
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3) B receives message from port; Processes A and B now have access to the target object. 


Figure 10. Simple Message Transmission (Continued) 


When a port is created, it is given a queuing disci- 
pline, which may be first-in-first-out (FIFO), or priori- 
ty/deadline. A send to a FIFO port inserts the mes- 
sage at the back of the queue. A send to a priority/ 
deadline port inserts the message according to pri- 
ority and deadline parameters associated with it 
(and the messages already enqueued, if any). Inser- 
tion is done so that the highest priority messages 
are at the front of the queue; within a priority level, 
messages with the shortest (least) deadline are 
placed in front. A receive operation always takes the 
message at the front of the queue. 


The simple SEND and RECEIVE operators are un- 
conditional: they imply that the executing processes 
is willing to block if the port is full (or empty). A 
SEND to a full port or a RECEIVE at an empty port 
enqueues a reference to the sender’s process ob- 
ject at the port; further execution of the process is 
blocked while it effectively waits at the port. When 
SENDs and RECEIVEs executed by other processes 
make it possible to complete the original operation, 
the process is automatically unblocked and execu- 
tion may resume. A process waiting at a port due to 
a blocked RECEIVE, for example, is unblocked 
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when another process SENDs a message to that 


port. 


The CONDITIONAL SEND and CONDITIONAL RE- 
CEIVE operators, in contrast, never block: these op- 
erators return a value that indicates whether the op- 
eration was “‘successful.’’ This signal gives the proc- 
ess the option of doing some other work and at- 
tempting the send or receive later. Other operators, 
called SURROGATE SEND and SURROGATE RE- 
CEIVE enable even more sophisticated forms of in- 
terprocess communication. 


A port is also useful as a mutual exclusion mecha- 
nism. Processes that periodically require exclusive 
access to a shared object can designate a port to 
hold a single “key” to the object; the key can simply 
be a null access descriptor. When a process needs 
to obtain exclusive access, it does a receive opera- 
tion on the port to pick up the key. (If the key is in 
use, the process blocks at the port.) When it actually 
receives the key, the process has exclusive access 
to the shared object. As soon as it has finished with 
the object, the process sends the key back to the 
port, making it available to other processes. 


171873-002 


interprocessor Communication 


To coordinate the activities of multiple processors, 
all 432 processors can receive and respond to a set 
of predefined messages (see Table 4). For the most 
part, these messages are sent by processors on 
their own initiative. System software may also send 
a message to a particular processor, or may broad- 
cast a message to all processors in the system. 


When a system’s memory manager moves an object 
or swaps it out of memory, for example, it will broad- 
cast a ‘flush cache’”’ message to all processors. 
This eliminates the possibility that a GDP will refer- 
ence the object with an on-chip cache address 
which has been made invalid by the action of the 
memory manager. Sending a message to a proces- 
sor requires a reference (with proper system rights) 
to that processor’s process object; by controlling 
distribution of process object references, system 
software can likewise limit the ability to send proces- 
sor messages. 


Table 4 contains the Interprocessor Communication 
message codes in decimal along with a short de- 
scription of the message: 
Table 4. IPC Message Codes 
Wakeup 
Start 
Stop 
Accept Global IPCs 
Ignore Global IPCs 
Requalify Object Table Cache 
Reset Processor 
Requalify Processor 
Requalify Process 
Requalify Context 
Requalify Data Object Cache 
Enter Normal Mode 
Enter Alarm Mode 
Enter Reconfiguration Mode 
Enter Diagnostic Mode 
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Timekeeping 


The central system runs on a single time standard 
which is reflected in the on-chip clock of every 432 
processor. The on-chip clock is a 16-bit accumulator 
which is driven by the PCLK signal. All 432 proces- 
sors are tied to PCLK, which is independent of the 
component (CLKa, CLKg) clocks. When PCLK is as- 
serted by an external timing source, all processor 
Clocks increment (‘‘tick’’) in unison. 
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PCLK’s frequency, at thus the duration of one sys- 
tem unit, is set according to the resolution required 
by the application; 200 microseconds is a typical val- 
ue. As discussed later, the system unit provides the 
basis for GDP processing and dispatching. 


Each GDP process object contains a clock field that 
is automatically maintained by the hardware. A proc- 
ess clock indicates the number of system time units 
that the process has been bound to a processor (i.e, 
how long it has been executing). Using a 200 micro- 
second clock, a process clock can accumulate over 
236 hours before turning over. Process clocks can 
be read by software and provide the basis for execu- 
tion-time charging algorithms and for adaptive proc- 
ess scheduling. 


Exceptions 


Software Faults Most modern computers provide a 
facility for detecting errors during execution; for ex- 
ample, many CPUs detect arithmetic overflow or an 
application program’s attempt to execute a “privi- 
leged”’ instruction. The 432 extends this concept 
into a comprehensive, structured software fault sys- 
tem (see Table 5). | 


A software fault is an exceptional condition uncov- 
ered by a processor during execution. It may be a 
simple computational error (e.g., square root of a 
negative number), an attempted protection violation, 
or a condition that requires off-line handling though 
not an error or violation. Whatever the source, the 
architecture recognizes that normal computation 
cannot continue until the exceptional condition is re- 
solved. 


The architecture defines software fault detection 
and fault reporting; that is, the notification that a 
fault has occurred and provision of information de- 
scribing it. Software fault handling, which may in- 
clude fault recovery in many cases, is the province 
of application or—more frequently—system soft- 
ware. A software fault may be detected at any time: 
during the execution of an instruction or command, 
while a processor is performing an operation on its 
own initiative, during an IP data transfer, and so 
forth. A processor reports a software fault by first 
recording descriptive information in the predefined 
fault information area of a system object. This in- 
formation describes the nature of the fault and pro- 
vide additional information that may assist software 
in recovering from it. The fault handler examines the 
fault information and takes ‘‘appropriate action,” as 
defined by the application. This may vary considera- 
bly according to the application and the nature of the 
fault. 
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Table 5. Detectable Software Faults 


General Fault Groups 


Memory Reference Faults: 
Segment Overflow Fault 
Memory Overflow Fault 
Read Rights Fault 
Write Rights Fault 
Bus Error 


Instruction Fetch Fault 


Data Part Cache Qualification Faults 
Data Part Access Faults: 
Access Descriptor Validity Fault 
Object Descriptor Type Fault 


Object Table Qualification Faults: 
Object Descriptor Type Fault 
Object Type Fault 


Access Environment Altered Faults: 
Access Descriptor Validity Fault 
Object Descriptor Fault 


Data Operator Fault Groups — 


Domain Error Fault 
Overflow Fault 
Underflow Fault 
Inexact Fault 


Non-instruction Interface Faults 


Initialization: 
Object Qualification Faults (Processor) 
Object Qualification Faults | 
(Object Table Directory) 


IPC Faults 
Object Qualification Faults (PCO) 
PCO Response Count Fault 
PCO Lock Fault 


Idle: 
Delay Port Service Faults 


Process Binding: 
Object Qualification Faults (Carrier) 
Process Lock Faults 
Process Qualification Faults 
_ Port Operation Faults 


Process Selection: 
Delay Port Service Faults 
Object Qualification Faults 
Port Operation Faults 
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Object Operator Faults 


Branch eee) ss 


Branch True 

Branch False: 
Instruction Pointer Overflow Fault 
Instruction Object Displacement Fault 


Branch Indirect: 
Instruction Object Displacement Fault 


Branch Intersegment A ae 
Branch Intersegment without Trace Ves ae 
Branch Intersegment and Link: | Slate 
Object Qualification Faults (Instructions) Sosy 
Instruction Object Displacement Fault teh eee 


Copy Access Descriptor: 
Store Access Descriptor Faults 


Null Access Descriptor: 
Destination Delete Rights Fault 


Amplify Rights: | es 


TCO Type Rights Fault 3 i eee — 


Object Qualification Faults (TCO) 
Type Fault 
Race Condition Fault 


Retrieve Type Definition: 
Source AD Validity Faults 
Store Access Descriptor Faults 


Create Refinement: 7 
Source AD Validity Fault 
Object Descriptor Type Fault 
Offset and Length Compatibility Fault 
Refinement Overflow Fault 
Level Fault 


Create Typed Refinement: 
TCO Type Rights Fault 
Source AD Validity Fault 
Object Descriptor Type Fault 
Type Fault 
Offset and Length Compatibility Fault 
Refinement Overflow Fault 
Level Fault 


Create Typed Object: 
Descriptor Allocation Faults 
Object Qualification Faults (TCO) 
TCO Type Rights Fault 


Level Fault ee 


Segment Allocation Faults 
Store Access Descriptor Faults - 
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Table 5. Detectable Software Faults (Continued) 


Inspect Object: 
Access Path Object Descriptor Fault 


Lock Object: 
Source Representation Rights Fault 


Unlock Object: 
Source Representation Rights Fault 
Object Lock ID/Type Fault 


Call 

Call through Domain: 
Object Qualification Faults (Domain) 
Domain Access Index Overflow Fault 
Instruction Object Type Rights Fault 
Object Qualification Faults (Instructions) 
Context Parameters Size Fault 
Context Type Rights Fault 
Object Qualification Faults (Context) 
Instruction Object Displacement Fault 


Return: — 
Context Type Rights Fault 
Context Qualification Faults 
Object Qualification Faults (PSO) 
Object Qualification Faults (Object Table) 
PSO Lock Fault 
Instruction Object Displacement Fault 


Block Move: | 
Offset Overflow 


The common base architecture recognizes that 
some faults are more serious than others; indeed 
certain faults, such as “not allocated”’ (i.e., an object 
needs to be swapped in from external storage) will 
be routine in many systems. Accordingly, software 
faults are divided into levels based on their impact 
on the system and the amount of information re- 
quired to resolve them. This permits software to pro- 


‘vide a response that is appropriate to the severity of 


the problem and to minimize the disruption that han- 
dling the fault may have on the rest of the system. 


In general, the philosophy is to keep the unaffected 
parts of the system running while the fault is handled 
outside the normal flow of execution. Processors 
record fault information in the system object that 
corresponds to the fault-level; for example, informa- 
tion describing a process-level fault is recorded in 
the process object. 


A context is a single instance of a procedure in exe- 
cution. A context-level fault is one that can normal- 
ly be handled within the process (i.e., by application 
code). Ada, for example, permits programmers to 


Return and Fault: 
Return Fault 


Send 
Receive | 
Conditional Send 
Conditional Receive 
Delay Process 
Send Process: 
Port Type Rights Fault 
Level Fault 


Surrogate Send 
Surrogate Receive: 

Surrogate Carrier Validity Fault 
Surrogate Carrier Type Rights Fault 
Destination Port Type Rights Fault 
Port Type Rights Fault 
Levei Fault 


Set Process Mode: 
Process Object Type Rights Fault 
Process Object Access Mismatch Fault 


Send to Processor: 
PCO Type Rights Fault 
Object Qualification Faufts (PCO) 


Move to Interconnect 

Move from Interconnect: 
Odd Displacement Fault 
Odd Interconnect Descriptor Base Address Fault 
Object Qualification Faults (Interconnect) 


write exception handlers that will respond to GDP 
context-level faults. 


A process-level fault prevents the current process 
from continuing until the fault is handled, but does 
not affect other processes. GDPs and IPs respond 
to this situation similarly. Generally, the procedure is 


.to remove the offending process from the set of ac- 


tive processes by sending its process object to a 
fault port and then dispatching the next ready proc- 
ess. 


Each process is associated with a fault port; a fault 
port is an ordinary port that queues messages that 
happen to be references to “broken” processes. An 


operating system fault process can receive these 


process objects and attempt to “repair” them, that 
is, recover from the fault. For example, if the fault 
process determines that the fault is “‘object not allo- 
cated,” it can notify the system’s virtual memory 
manager to swap in the needed object. When this 
has been done, the fault process can send the proc- 
ess Off to its dispatching port (see “Scheduling and 
Dispatching’). 
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A processor-level fault threatens (but might not ab- 
solutely prevent) continued execution by the proces- 
sor. The GDP and IP respond to this situation differ- 
ently, but the basic procedure is to run a processor 
diagnostic program. 


At the final level, the processor cannot do anything, 
not even record fault information. It therefore halts 
and asserts its FATAL pin. Software on some other 
processors might monitor this pin; for example, it 
could be routed to an interconnect register and peri- 
odically sampled. A halted processor can be restart- 
ed by hardware (asserting its INIT pin) or software 
(sending a START IPC). 


Interrupts. Each 432 processor has an ALARM pin 
which can be asserted to signal the occurence of an 
extremely high priority external event. A typical ex- 
ample is imminent power failure. In general, when 


, Figure 11. 
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ALARM has been asserted, the GDP will complete 
its current instruction and then invoke a designated 
software process (waiting at the ALARM port). 


Data Types 


The memory formats of the GDP’s eight basic data 
types are illustrated in Figure 11. Any data type may 
be stored on any byte boundary (performance is im- 
proved, however, when data is aligned on physical 
memory boundaries). The types are divided into four 
Classes: character, ordinal (unsigned integer), inte- 
ger, and real. These data types correspond directly 
to the ‘‘primitive” types defined in most high level 
languages. Implementing the essential types in hard- 
ware, with a choice of storage requirements for each 
class, helps ensure that compiler-generated code 
sequences are both compact and fast. 


TEXT CHARACTERS 


CHARACTER 
(8 bits) BOOLEANS 
SHORT ORDINAL UNSIGNED 
(16 bits) INTEGERS 
ORDINAL 
(32 bits) 
SHORT INTEGER. 
(16 bits) 
SIGNED 
INTEGERS 
INTEGER 
(32 bits) 
SHORT REAL 
(32 bits) 
FLOATING 
POINT 
NUMBERS 


TEMPORARY REAL 
(80 bits) 
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iAPX 432 GDP Computational Data Types 
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Table 6 gives the attributes of the numeric data 
types. Of particular note is the temporary-real data 
type. The extra range and precision of this type con- 
tributes to the production of consistently safe, reli- 
able floating-point algorithms. As its name implies, 
the temporary-real type is intended for holding inter- 
mediate computational results. The inputs and out- 
puts of a calculation should be defined as short-real 
or real, according to the range and accuracy of the 
available data. All intermediate results should be 
held in temporary-real, with the final conversion to 
the output at the end of the computation. 


Extremely large and small values are most likely to 
occur in intermediate computations; using tempo- 
rary-real for these makes overflow and underflow ex- 
ceedingly unlikely in most applications. Temporary- 
real’s extended precision also prevents round-off er- 
rors from accumulating during long computations; 
the only significant round-off occurs at the conver- 
sion from temporary-real to the real or short-real for- 
mat of the final result. 


Instruction Set 


Table 7 shows the instructions the GDP provides for 
its data types. The symmetry of the instruction set 


with respect to data types simplifies compiler code 
generation. 


In the data transfer group, the ZERO and ONE in- 
structions write a constant into an operand. MOVE 
copies a variable, popping the stack if it is the 


source, pushing it if it is the destination. SAVE cop- 


ies the stack top without popping the stack; it can be 
used to duplicate the stack top. 


The logical instructions perform the customary oper- 


~ ations. XNOR is the complement of XOR (exclusive 


OR): where XOR returns 1-bits when corresponding 
bits are unequal, XNOR returns 1-bits when corre- 
sponding bits are equal. It is thus the Boolean equiv- 
alent of “equals.” 


In the arithmetic group, the REMAINDER instruction 
performs exact modulo division; it is very useful for 
reducing an argument to a periodic transcendental 
function (e.g. tangent) to the range accepted by the 
function without introducing round-off error. 
SQUARE ROOT executes in about the same time as 
ordinary division; programmers need not contort al- 
gorithms to eliminate time-consuming square roots. 


Table 6. Numeric Data Types 


Data Type eleat Approximate Range 


0 <x < 255 
0 <x < 65,535 


Character 
Short-Ordinal 
Ordinal 
Short-Integer 
Integer 
Short-Real 

Real 
Temporary-Real 


* Decimal equivalent 
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0 <x < 4,294,967,295 

— 32,768 < x < 32,767 
—2,147,483,648 < x < 2,147,483,647 
8.43 X 10-37 <|x|< 3.37 x 1038 
4.19 X 10-307 <|x!< 1.67 x 10308 
3.4 X 10-4932 <|x/< 1.2 x 104932 
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MOVE 
OPERATORS 


LOGICAL 
OPERATORS 


| 


BIT-FIELD 
INSERT 


RELATIONAL 
OPERATORS 


CONVERSION 
OPERATORS 
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Table 7. iAPX 432 Operators and Computational Data Types es ay 


MOVE 


INCLUSIVE OR 


EXCLUSIVE OR 
EQUIVALENCE 


SUBTRACT 
MULTIPLY ' 
DIVIDE 
REMAINDER 


NEGATE 
ABSOLUTE VALUE 
SQUARE ROOT 
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TO CHARACTER 


Means the operator is available for the given data type 
Means the operator is available for the given data type 


in which one of the operands is a temporary real. 


Means the operator is not available and would be of little or no use if it were. 


Means the operator is not availabie. 
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_ The bit field instructions, EXTRACT and INSERT BIT 
FIELD, make the manipulation of packed bit field 
records simple and rapid. The SIGNIFICANT BIT in- 
struction returns the position of the “leftmost” 1-bit 
in an ordinal or short-ordinal. Note that the INSERT 
BIT FIELD is an indivisible operation; once the in- 
struction starts to run, no other processor can per- 
form an indivisible operation on the field until its new 
value has been written into memory. 


The instructions in the comparison group assert a 
condition existing in a single variable (e.g., EQUAL 
ZERO) or between two variables (e.g., GREATER 
THAN). These instructions return a Boolean value 
TRUE or FALSE according to the truth of the asser- 
tion. Conditional branching is effected by following a 
comparison with BRANCH TRUE or BRANCH 
FALSE instruction. 


The GDP has the full complement of 432 common 
base instructions plus addition data processing op- 
erations. Some of these permit changing the flow of 
control in a program by conditional and uncondition- 
al, and by calling a procedure. Others facilitate the 
manipulation of composite objects (objects made up 
of other objects), access to data declared global to 
all procedures in a process, and setting precision 
and rounding modes for real number computations. 
Finally, two of the instructions give a GDP program 
access to the interconnect space. . 


Instruction Formats 


The 432’s instruction codes have been designed to 


minimize the space the instructions occupy in mem-. 


ory and still allow for efficient encoding. In order to 
achieve the best efficiency in storage, the instruc- 
tions are encoded without regard for byte, word, or 
other artificial boundaries. The instructions may be 
viewed as a linear sequence of bits in memory, with 
each instruction occupying exactly the number of 
bits required for its complete specification. 


Processors view these instructions as composed of 
fields of varying numbers of bits that are organized 
to present information to the Instruction Decoder in 
the sequence required for decoding. A unified form 
for all instructions allows instruction decoding of all 
instructions to proceed in the same manner. 


In general, GDP instructions consist of four main 
fields. These fields are called the class field, the for- 


mat field, the reference field, and the opcode field.’ 


The reference field, in turn, may contain several oth- 
er fields, depending upon the number and the com- 
plexity of the operand references in the instruction. 
The fields of a GDP instruction are stored in memory 
in the following format. 
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The class field is either 4-or 6-bits long, depending 
on its encoding. The class field specifies the number 
of operands required by the instruction and the prim- 
itive types of the operands. The class field may indi- 
cate 0, 1, 2, or 3 operands. If the class field indicates 
one or more references, a format field is required to 
specify whether the references are implicit or explicit 
and their uses. 


In the case of explicit references, the format field 
can indicate whether or not the reference is direct or 
indirect. Further, the format field may indicate that a 
single operand plays more than one role in the exe- | 
cution of the instruction. As an example, consider an ~ 
instruction to increment the value of an integer in 
memory. The instruction begins with a class field 
specifying that the operator is of order two and that 
the two operands occupy a word of storage; next, 
the format field indicates that a single reference 
specifies a logical address to be used both for fetch- 
ing the source operand and for storing the result; it is 
followed by an explicit data reference to the integer 
to be incremented; and finally the instruction ends 
with an opcode field for the order-two operator IN- 
CREMENT INTEGER. 


It is possible for a format field to indicate that an 
instruction contains fewer explicit data references 
than are indicated by the instruction’s class field. In 
this case, the other data refefences are implicit, and 
the corresponding source or result operands are ob- 
tained from (or returned to) the top of the operand 
stack. Consider the following statement: 


A=A+B*C 


The instruction fragment for this statement consists 
of two instructions and has the following form: 


| opcode | reference | format class | | 


+ Increasing address 
171873-16 


Assume that A, B, and C are integer operands. The 
first class field (the rightmost field shown above) 
specifies that the operator requires three references 
and that all three references are to word operands. 


The first format field contains a code specifying two 
explicit data references supplying only two source 


operands. The destination is referenced implicitly so 


that the result of the multiplication is pushed on the 
operand stack. The second class field is identical to 
the first and specifies three required references by 
the operator, all to word operands. The second for- 
mat field specifies one explicit data reference to be 
used for both the first source operand and the desti- 
nation. The second source operand is referenced 
implicitly and popped from the operand stack when 
the instruction is executed. 
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The reference fields themselves can be of various 
lengths and can appear in varying numbers (consis- 


tent, of course, with the specifications in the class - 


and format fields. If implicit references are specified, 
reference fields for them will not appear. Direct ref- 
erences will require more bits to specify than indirect 
references. 


Following the class, format, and reference fields, the 
opcode field appears. The opcode field specifies the 
operator to be applied to the operands specified in 
the preceding fields. 


Addressing Modes 


The operands (data items) that a GDP instruction is 
to operate on are encoded in the instruction as data 
references consisting of two parts: a base part and 
an index part. The entire data reference can there- 
fore be viewed as having three components: an ac- 
cess selection component, which selects an object; 
a base part of the operand offset, which provides a 
byte displacement to the base of the area of memo- 
ry within the selected object; and an index part of 
the operand offset, which specifies a particular oper- 
and within that area. 


The addressing is very flexible since each part of the 
operand offset can be specified directly or indirectly. 
A direct base or direct index has its value specified 
directly in the data reference encoding. When indi- 
rection is used, however, the value of the base or 
index is given by a short-ordinal value located within 
the currently accessible object. 


There are four possible combinations of direct and 
indirect base and index parts, and each combination 
results in a different mode of reference (see Figure 
12). Each of the four combinations has been used to 
name a data reference mode indicating the kind of 
data structure for which the reference would usually 
be used. The scalar, record, static array, and dynam- 
ic array modes correspond roughly to the direct, 
base, indexed, and base-plus-index modes found in 
many computers; all four modes are independently 
available for any operand specified in an instruction. 


As shown in Figure 13, the displacement component 
may be encoded directly in the instruction, may 
come from base and index variables in memory (in- 
cluding the stack), or may consist of one direct and 
one indirect value. Choosing between direct and in- 
direct specifications primarily depends on what infor- 
mation is fixed at compile-time and what may be 
computed during execution. 


Note that an indirect index value (used to select an 
array element) is expressed naturally as the element 
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number to be accessed. The hardware automatically 


scales the index according to the data type being 
manipulated by the instruction to calculate the actual 
byte displacement. For example, to address the third 


element of a vector, the indirect index variablewould = 


contain the value 3 for any type of VOR 
ter, integer, real, etc. 


‘A fifth addressing mode is implicitly specified when a 
data reference is expected (according to the “num- | 


ber of references’”’ field), but none is encoded in the 


instruction. The data reference in this case is the 


operand on top of the stack. If the operand is the 


source, it is automatically popped from the stack; if 
the operand is the destination, the result of the oper- 


ation is pushed onto the stack. 


Large Array Indexing 


The maximum size of the data part of an object is 


65,636 (64K) bytes, but of course, some applications = 
require arrays that are larger. The INDEX ORDINAL —ss 


operator is used to access these large arrays. 


The large array is mapped (at compile-time) into a — 


series of objects, each with data parts that are 2,048 
bytes (2K) long. All these objects are directly acces- 
sible in the current logical access environment. The 
INDEX ORDINAL operator works as follows: 


Given: 


e The size of each element in ‘the array (i.e., a 
scale factor) 


e The access selector for the base segment of 


the array 
e The ordinal index for the desired array element 
The operator computes: 


e The access selector for the appropriate 2K 
data object that contains the indexed array ele- 
ment 


e The displacement into the data part of that ob- 
ject in the array element 


The resulting short-ordinal values can then be used 
with the indirect access selection mode and the rec- 
ord, static array, or dynamic array data reference 
modes to access the array element. Of course, this 
whole process is invisible to the typical 432 pro- 
grammer who uses a high-level language and leaves 
the choice of machine instructions to the compiler. 


171873-002 


Figure 12. Addressing Modes 
5-28 


DATA SEGMENT 


' j 
_ SELECTOR rm ee 
(MAY BE DIRECT OR INDIRECT) ee 
| _-171873-19 
} P ; a@3 . re: % chen 
A. SCALAR DATA REFERENCE MODE Se Rg ae 
| | | i See ae 
; | DISPLACEMENT LENGTH | SS ee 


CASE CREE DATA ITEM OFFSET 


INDIRECTLY) (7 OR 16 BITS) 


1~36 BITS 7OR16BITS . a 
, DATA SEGMENT Re 


TOP OF : . 
OPERAND STACK 
; VARIABLE IN SAME 
' . DATA SEGMENT : . 
VARIABLE 1N ANOTHER : 
DATA SEGMENT 3 
LELLILALILALLLL EAS eas 
, : 
: : 
ro DISPLACEMENT TO BASE 
‘, OF RECORD REFERENCED oRLEMENT 


REFERENCED 


SELECTOR 
| i 171873-20 


B. RECORD ITEM REFERENCE MODE 


on 


; : ro. = 


Figure 13. Modes of Displacement Generati 


ELEMENT INDEX 
(SPECIFIED 
INDIRECTLY 


1-36 BITS 


TOP OF 
OPERAND STACK 
OR 
VARIABLE IN SAME 
DATASEGMENT © 


OR 
VARIABLE IN ANOTHER 
DATA SEGMENT 


SCALING BY & 
DATA TYPE 


‘ 


DISPLACEMENT 


IAPX 43201/iAPX 43202 


BASE LENGTH 


BASE DISPLACEMENT x 


0 OR 16 BITS 


ELEMENT 


DATA SEGMENT 


pam REFERENCED 


i= 


SELECTOR 


C. STATIC ARRAY ELEMENT REFERENCE MODE 


BASE DISPLACEMENT | 


(SPECIFIED 
INDIRECTLY) 


1-36 BITS 


TOP OF 
OPERAND STACK 
, OR 

VARIABLE IN SAME 
DATA SEGMENT 


OR 
VARIABLE IN ANOTHER 
DATA SEGMENT 


ELEMENT INDEX 
(SPECIFIED 
INDIRECTLY) 


1-36 BITS 


TOP OF 
eee STACK 
VARIABLE’ IN SAME 


DATA SEGMENT 


OR 
VARIABLE IN ANOTHER 
DATA SEGMENT 


SCALING BY ee 


DATA TYPE 


SELECTOR 


DATA SEGMENT 


VLLLLLLLLLLL LLL L 2 


D. DYNAMIC ARRAY ELEMENT REFERENCE MODE 


Figure 13. Modes of Displacement Generation (Continued) 


5-30 


ELEMENT OF 


ARRAY 
REFERENCED 


ARRAY 
REFERENCED 


ELEMENT OF 
annat 
REFERENCED 


171873~21 


171873-22 


171873-002 


: rey 
oa Pe San on ee 
al ww >> 


_* - oc . = “ a 
ee fot a ; ae 
aie ae. ~ s Ma — 
- “ _ 
, 


| intel iAPX 43201/iAPX 43202 


Scheduling and Dispatching Scheduling and dispatching are performed in two 

. loops as shown in Figure 14. To maximize processor 
In most systems there will be more processes to run utilization, low-level scheduling and dispatching are 
than there are processors. The procedure by which performed automatically by the processor with no 
processes “take turns” running on GDPs is called software intervention. Every process has four sched- 


dispatching and scheduling. Each processor is as- uling parameters; these are initially set by the oper- 
signed to a dispatching port, from which it obtains — ating system when a process is created. The param- 
its work, that is, the processes it executes. A dis- eters are: 

patching port is an ordinary port object; it so hap- 1) priority, the relative urgency of the process; 


pens that the access descriptors queued there are 
for process objects and processor objects. The as- 
signment of processors to dispatching ports is de- 


2) deadline, the amount of time that may pass 
before the process must have a turn on the 


fined by the application; usually all processors share sehr ae cael i 
one port, but each may have its own, or a proces- 3) service period, the duration of one turn; 
sor’s dispatching port may be changed by operating 4) period count, the number of turns the proc- 


system software during execution. 


ess should be given before examining its 
scheduling parameters. 
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Figure 14. Process scheduling and processor dispatching. The left half of the diagram describes 
possible states of a process, while the right half describes possible states of a processor. 
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All time values are based on the system time unit. 
These parameters give operating system software 
great flexibility in setting system scheduling policy 
(or policies), and even altering a policy during execu- 
tion. ° 


Like the messages at any priority/deadline port, 
processes waiting for service at a dispatching port 
are ordered by deadline within priority; the highest- 
priority-least-deadline process is at the front of its 
queue. A GDP dispatching operation consists simply 
of “receiving” this process. The processor loads its 
on-chip service timer with the process’s service peri- 
od value and runs the processor for one service pe- 
riod. (Assertion of the PCLK pin increments the 
processor clock and decrements the service period 
as well.) At the end of the service period, the GDP 
decrements the process’s period count, updates the 
process’s process clock with the number of time 
units given to it, and schedules the process for an- 


- other turn. If the period count has not yet expired, 


this is done by sending the process to its dispatching 
port. The send operation inserts the process into the 


- queue according to its scheduling parameters. 


If the process blocks before its period expires (be- 
fore the service timer goes to zero), the period count 
and the process clock are also updated (with the 
number of actual units received), but the process is 
sent to a communication port instead of a dispatch- 


ing port. 


High-level scheduling is performed by the operating 
system; it gives the executive the opportunity to ex- 
amine the system’s performance and perhaps adjust 
its scheduling algorithms. When a process has ex- 
hausted all its service periods, the processor sends 
the process to a scheduling port instead of a dis- 
patching port. The operating system scheduler re- 
ceives the process, sets its scheduling and service 
parameters ‘again, and sends the process back to 
the dispatching port, where the low-level cycle be- 
gins again. 


When a GDP attempts to dispatch a process and 
none is available, the processor queues itself (that 
is, its processor object) at the dispatching port and 
“sleeps” until a process arrives. (A sleeping proces- 
sor is almost completely idle; in a multiprocessor 
configuration this helps to reduce contention for use 
of the memory bus.) The processor that sends a 
process to the dispatching port also ‘“‘wakes up” the 
sleeping processor (by means of an IPC); the awak- 
ened processor then dispatches the newly-arrived 
process. Operating system software may periodical- 
ly check dispatching ports for idle processors and 
reassign them to dispatching ports that are more 
heavily loaded. 


Designing Fault-Tolerant Systems 


When used together, the five components in the 
iAPX 432 family provide all the logic necessary to 
build a system that will tolerate the failure of any 
single component or bus, yet continue to execute 
programs without error and without interruption. No 
software intervention is required: fault detection, iso- 
lation, and reconfiguration of the system is per- 
formed entirely by the hardware. 


Each GDP is able to detect hardware errors auto- 
matically because of a capability known as Function- 
al Redundancy Checking (FRC), so called because 
a second or redundant GDP checks the operations 
of the first or master GDP. Functional Redundancy 
Checking provides the low-level hardware support 
upon which hardware fault-tolerant modules are 
constructed. 


During initialization, each GDP is assigned to oper- 
ate as either a master or a checker (see Figure 15). 
While a master operates in a conventional manner, a 
checker places all output pins that are being 
checked into a high-impedance state. Those pins 
which are to be checked on a master and checker 
are parallel-connected, pin for pin, such that the 
checker is able to compare its master’s output pin 
values with its own. If on any cycle, the values differ, 
the checker asserts HERR and the faulty compo- 
nents can be immediately disabled. Thus, any hard- 
ware errors can be detected as they occur and be- 
fore they have had the opportunity to corrupt the 
operation of other components in the system. 


MASTER 


CHECKED 
OUTPUTS 


HERR 
171873-24 


CHECKER 


Figure 15. Function redundancy checking 
detects hardware errors automatically. 


While FRC can be used alone to provide automatic 
error detection, a completely fault-tolerant system 
must also be able to reconfigure itself, replacing the 
set of failed components with another pair that is still 
working. In order to do so, the 432’s architecture 
enables two pairs of master/checker components to 
be combined to form primary and shadow proces- 
sors in a configuration known as Quad Modular Re- 
dundancy (QMR). See Figure 16. 
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Every module in a QMR system is paired with anoth- 
er self-checking module of the same type. The pair 
of self-checking modules operates in lock step and 
provides a complete and current backup for all state 
information in the module. The mechanism is known 
as module shadowing because a shadow is ready to 
fill in if the primary fails (or vice versa). Fault detec- 
tion and recovery occurs transparently to both appii- 
cation and system software. When a fault is detect- 
ed, the faulty pair is automatically disabled, and the 
remaining pair takes over. Only then is system soft- 
ware notified that a failure has occured. 


A more complete discussion of the fault-tolerant ca- 
pabilities of the iAPX 432 can be found in the IAPX 
43204-iAPX 43205 Fault Tolerant Bus Interface 
and Memory Control Units data sheet (Order Num- 
ber 210963). 


HARDWARE IMPLEMENTATION 


The iAPX 432 General Data Processor is organized 
as a three-stage microprogram-controlled pipeline. 
The first stage is the Instruction Decoder, the sec- 
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ond the Microinstruction Sequencer, and the third 
the Execution Unit. The first two stages of the pipe- 
line are physically located on the iAPX 43201 with 
the third stage on the iAPX 43202. Each stage, how- 
ever, can be considered an independent subproces- 
sor that operates until the pipeline is full, and then 
halts and waits for more work to do. 


Instruction Decoder 


The general task facing the Instruction Decoder (see 
Figure 17) is to interpret the macroinstruction stream 
both to extract logical addresses and to determine 
the next microinstruction sequence to be initiated. In 
doing so, it performs the following functions: 


e Receives macroinstructions 
e Processes variable length fields 
e Extracts logical addresses 


® Generates starting addresses for the micro-in- 
struction procedures 


e Generates microinstructions for simple opera- 
tions 
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Figure 17. 43201 Block Diagram 
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The Instruction Decoder requests words from mem- 
ory as they are needed, from one to ten bytes in a 
single access. Depending upon the complexity of 
the instruction, a 432 instruction may range from a 
few bits long to several hundred bits long, extending 
over many words. 


A GDP instruction is composed of a variable number 
of fields and each field may contain a variable num- 
ber of bits. In most cases, the encoding of a field 
specifies its length. The ID determines when an in- 


struction boudary has been reached so it can prop- 


erly begin decoding the next instruction. 


In some cases, the interpretation of one field may 
depend upon the value of some previous filed. The 
intrepretation of the opcode (the last field in an in- 
struction), for instance, depends on the value of the 
class field (the first field) in the instruction. The ID 
therefore saves enough information about each in- 
struction to properly interpret each filed. 


Since a GDP instruction may contain an explicit ref- 
erence to some location in memory, the logical ad- 
dress information must be transfered to the Refer- 
ence Generation Unit in order to generate the cor- 
rect physical address of the operand. As with all 
fields in of a GDP instruction, the length of logical 
address fields is variable. Consequently, the ID for- 
mats the logical address and stores it until needed 
by the Reference Generation Unit. 


Since branch instructions occur frequently, it is im- 
portant to minimize the startup time for the GDP af- 
ter a branch has occurred. Since an instruction may 
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begin on any bit, the GDP is able to begin decoding : 


at any point in a segment. 


Microinstruction Sequencer 


The Microinstruction Sequencer (MS) decides which — 
microinstruction should be sent to the Execution | 


Unit (EU) for each cycle. In doing so, it performs the 
following functions: 


e Executes microcode sequences out of an on- 
chip, 4k by 16-bit ROM 


e Responds to bus control signals 
e Invokes macroinstruction fetches 
® Issues microinstructions to the EU 


e Initiates interprocessor communication and — 


fault handling sequences 


The MS chooses from two sources of microinstruc- __ 


tions: they may come from either the ID or from the 
ROM in the MS. After issuing one microinstruction, 
the MS then computes the address in ROM (if any) 
for the next microinstruction. Since the EU may re- 
quire differing lengths of time to complete some mi- 
croinstructions, the MS waits for the requested oper- 
ation to be completed before issuing the next one. 


Execution Unit 


The iAPX 43202 contains the third stage of the GDP 
pipeline—the Execution Unit (see Figure 18). The 


EU receives microinstructions from the 43201 and — 
routes them to one of the two independent subpro- — 
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cessors that comprise it: the Data Manipulation Unit 


. (DMU) and the Reference Generation Unit (RGU). 


While the EU executes most microinstructions in 
one clock cycie, each of the subprocessors has an 
associated sequencer that may run for many cycles 
in response to certain microinstructions. These se- 
quencers are invoked, for example, for floating oper- 
ations in the DMU and Processor Packet bus trans- 
actions in the RGU. 


The DMU contains the registers and arithmetic logic 
to perform the following functions: 


® Hardware recognition of nine data types 


e 16- and 32-bit multiply, divide, and remainder 
through a built-in state machine 


e Control functions for 32-, 64-, and 80-bit float- 
ing point arithmetic. 


The RGU performs the following functions: 


¢ Translates 40-bit virtual addresses into 24-bit 
physical addresses - 

e Enforces the capability-based protection sys- 
tem 

e Sequences 8-, 16-, 32-, 64-, and 80-bit memo- 
ry accesses 

¢ Controls on-chip top-of-stack register 
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When a reference to a given memory segment has 
been translated from its logical representation to a 
physical address, a cache in the RGU maintains the 
physical base address as well as the length of the 
segment. Further references to the same segment 
reuse this information for additional address transla- 
tions. A least-recently-used algorithm is implement- 
ed in hardware to determine which segment base- 
length pair to replace when a new segment is refer- 
enced. To further increase performance, the top 16- 
bit element in the operand stack is cached in the 
DMU. 


In enforcing capability-based addressing, every 
memory reference is checked by the RGU to see if it 
is within the length of its segment, and the type of 
access (read, write, etc.) is verified to make certain 


- that the object has the proper rights to perform the 


operation. 


The iAPX 43201 and iAPX 43202 components to- 
gether form a GDP. Figure 19 shows a logical repre- 
sentation with both units interfacing to the Processor 
Packet bus as a single processor. Figure 20, in turn, 
shows the physical layout. 1 
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Figure 19. GDP Block Diagram 
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Figure 20. GDP interconnect Es 


PROCESSOR PACKET 
BUS DEFINITION 


Processors sharing the same memory must contend 
for access to that memory over one or more system 
buses. Therefore, efficient bus utilization is essential 
in a multiprocessing system. A simple and efficient 
approach to building a 432 interconnect system is to 
use the iAPX 43204 Bus Interface Unit; the VLSI 
component provides the necessary Circuitry to inter- 
connect 432 processors with from one to eight 
memory buses. Some system designers, however, 
may prefer to take other approaches to the intercon- 
nect design to optimize the cost/performance ratio 
of the hardware for their specific application. With 
that requirement in mind, Intel formulated an iAPX 
432 packet bus protocol which supports a wide 
range of system bus architectures. 


To reduce bus occupancy and increase the perform- 
ance range of 432 systems, the packet bus protocol 
separates processor requests and replies into sepa- 
rate packets. A processor can issue a request pack- 
et and leave the system bus free until the reply Rae 
et is returned from memory. 
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As a second method of maximizing the efficiency of 
bus utilization, the packet bus protocol allows varai- 
ble length packets of data. If a processor wishes to 
read a 64-bit operand, it can be done with a single 
request and reply packet. Thus, fewer individual 
storage requests are required to process long oper- 
ands. This aspect of the protocol enables proces- 
sors to interface easily to 16-bit, 32-bit, or even 64- 
bit system buses. 


This section describes the 19 signal lines that com- 
pose the Processor Packet bus and their timing rela- _ 
tionships. While this section defines all valid bus ac- 
tivities, the processors do not necessarily perform all 
allowed activities; nevertheless, slaves to the Proc- 
essor Packet bus must support all state transitions 
to ensure compatibility (see Figure 21). 


The Processor Packet bus consists of three control 
lines: 


-@ PRQ (Processor Packet bus request) 
® Bout (Enable Buffers for Output) 
e ICS (Interconnect Status) 
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-* Note that the broken transitions in the GDP state diagram are 
not generated by the GDP component pair. 
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Figure 21. Processor Packet Bus State Diagram 
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PRQ has two functions whose use depends upon 
the application; for example, PRQ either indicates 
the first cycle of a transaction on the bus or the can- 
cellation of a transaction initiated during the previous 
cycle. Of the three control lines, Boyt has the sim- 
plest function, serving as a direction control for buff- 
ers in larger systems which require more electrical 
drive than the processor components can provide. 
The ICS signal has three different interpretations de- 
pending on the state of the Processor Packet bus 
transaction. It may indicate whether or not: 


e An interprocessor communication (IPC) is wait- 
ing, 

e A slave requires more time to service the proc- 
essor’s request, or 


e A bus error has occurred. 


The bus also includes 16 three-state Address/Con- 
trol/Data lines (ACD;5—-ACDo). These lines emit in- 
formation to specify the type of cycle being initiated; 
transmit addresses, data to be written, and control 
information; and during a read operation, receive 
data returned to the processor. Details of the ACD 
operation are summarized below. 


Address/Control/Data Lines 


In the first cycle (T1 or Tvo) of a Processor Packet 
bus transaction (indicated by the rising edge of 
PRQ), the eight high-order ACD bits (ACD ,5- 
ACDg)specify the type of the current transaction. In 
this first cycle, the low-order ACD bits (ACD7—ACDo) 
contain the least significant eight bits of the 24-bit 
address. 
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During the next cycle (T2), the remainder of the ad- 
dress is presented on the ACD pins, aligned so that 
the most significant byte of the address is on 
ACD;5-ACDg while the mid-significant byte is on 
ACD7-ACDo. If PRQ is asserted during T2, the ac- 
cess is cancelled and the ACD lines are not defined. 


During the third bus cycle (T3 or Tw) of a Processor 
Packet bus transaction, the processor presents a 
high impedance to the ACD lines for read transac- 
tions and asserts data for write transactions. 


Once the bus has entered T3 or Tv, the sequence of 
state transactions depends on the type of cycle re- 
quested during the preceding T1 or Tvo. Accesses 


ranging in length from 1 to 10 bytes may be request- | 


ed (see Table 8). If a transfer of more than one dou- 
ble byte has been requested, T3 must be entered for 
every double byte that is transferred. ICS dictates 


whether the processor simply enters T3 or first en- | 


ters Tw to wait. 


After all data is transferred, the processor enters ei- 


ther Tv or Tvo. Tvo can be entered only when the 


processor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, the 
ACD lines contain address and specification infor- 
mation aligned in the same fashion as T1. If the 
processor does not require an overlapped access, 
the bus state move to Tv (the ACD lines will be high 
impedance). After Tv, a new bus cycle can be initiat- 
ed with T1, or the processor may enter the idle state 
(Ti). 


Table 8. ACD Specification Encoding 


ACD ACD ACD ACD 
11 10 9 8 


| RMW Length Modifiers 


Interconnect 
Space 


000- 1 Byte ACD15=0: 
001-— 2 Bytes 00-Inst Seg 
010- 4 Bytes Access 
011- 6 Bytes 01-—Stack Seg 
100- 8 Bytes Access 
101-10 Bytes 10-Context Ctl 
110-16 Bytes* Seg Access 
111-32 Bytes* - 11-Other 


ACD15= 1: 
00-—Reserved 
01-—Reserved 
10-—Reserved 
11-Interconn 
Register 


*Not implemented 
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interconnect Status (ICS) 


_ As discussed earlier, ICS has three possible inter- 
pretations depending on the current state of the bus 
transaction (see Table 9). Even so, under most con- 
ditions ICS indicates whether or not an IPC is pend- 
ing; a valid low during any of these cycles with IPC 
_ significance signal the processor that an IPC has 
been received. While an iAPX 432 processor is only 
required to record and service one IPC or reconfigu- 
ration request at a time, logic in the interconnect 
system must record and sequence multiple (and 
possibly simultaneous) IPC occurrences and recon- 
figuration requests. Thus, the logic that implements 
ICS must accommodate global and local IPC arrivals 
and requests for reconfiguration as_ individual 
— events: 


Table 9. ICS interpretation 


Level 
: No IPC IPC 
Don’t 


| TTvo | Er | Bus Error | No Error _| 


1. Assert IPC significance on ICS for the arrival of an 
IPC or reconfiguration request. 


-2. When the iAPX 432 processor reads interconnect 
address register 2, it will respond to one of the 
status bits for the IPC or reconfiguration request sig- 


~ nalled on ICS in the following order: 


BIT 2 (1 =reconfigure, 0= do not reconfigure) 
BIT 1 (1=global IPC pending, 0=no global IPC) 
BIT 0 (1=Ilocal IPC pending, 0=no local IPC) 


3. The logic in the interconnect system must clear 
the highest order status bit that was serviced by the 
iAPX 432 processor, and if an additional IPC mes- 
sage has arrived, the interconnect logic must signal 
an additional IPC to the processor by setting ICS 
high for at least one cycle and then setting ICS low 
for at least one cycle, while ICS has IPC signifi- 
cance. | 
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Processor Packet Bus Request (PRQ) 


PRQ is normally low and goes high only during T1, 
T2, and Tvo. High levels during Tvo and 11 indicate 
the first cycle of an access. A high level during T2 
indicates that the current cycle is to be cancelled. 
See Table 10. 


Table 10. PRQ Interpretation 


Always 

Initiate access 

Continue access 

Cancel access 

Always 

Always 

Always 

Initiate overlapped access 


0 
1 
0 
{ 
0 
0 
0 
1 


Enable Buffers for Output (Bout) 


Bout is provided to control external buffers when 
they are present. Table 11 and Figures 22 through 
27 show its state under various conditions. 


Processor Packet Bus Timing 


Each timing diagram shown on the following pages 
illustrates the timing relationships on the Processor 
Packet bus during various types of transactions. This 
approach to transfer timing allows maximum time for 
the transfer to occur and yet guarantees hold time. 


Any agent connected to the Processor Packet bus is 
recognized as either a processor (a GDP or IP) ora 
slave (e.g., the memory subsystem). 


In all transfers between a processor and a slave, the 
data to be driven is clocked for three-quarters of a 
cycle before it is sampled. This allows adequate time 
for the transfer and ensures sufficient hold time after 
sampling. The Boyt timing is unique because Bout 
functions as a direction control for external buffers. 


Detailed set-up and hold times can be found in the 
AC Characteristics section. 


Table 11. Boyt Interpretation 
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Low-to-High 
Transition 


High-to-Low 
Transition 
or Low 


High-to-Low 
Transition 
or High 
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ACD15...ACDo seaanaeananenes ADDR/SPEC TD 2 Cc oes ADDR/SPEC {__s00n__)----- 
PARQ / \ / \ 


BOUT / \ / 
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“Undefined if single byte write 


Figure 22. Nominal Write Cycle Timing 


MINIMUM WRITE CYCLE 
- 3 CLKA CYCLES | 
TR ee Fs eos berg, see 


ACD}5...ACD9 ecenacnnnnnad ADDR/SPEC ( -ABDR. 2) WRITE DATA ADDR/SPEC { appr) WRITE DATA }oo-<= 
PRO / \ / \ 


BOUT / 
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*Undefined if single byte write 
**(Preceded by read cycle) 


Figure 23. Minimum Write Cycle Timing © 
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BOUT / \ 
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Figure 24. Stretched Write Cycle Timing 
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| MINIMUM READ CYCLE | 
5 CLKA CYCLES 
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BOUT : / \ / 
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“Undefined if single byte read 


Figure 25. Minimum Read Cycle Timing 
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Figure 28. JEDEC Type A Package 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 


33 Se Mar os toe ue 
hah pL See. 
Ra ep ieee 


Ambient Temperature Under Bias ... - .0°C to 70°C device at these or ariy other conditions above those ndical- 
Storage Temperature .......... —65°C to +150°C gg in the operational sections of this specification is not 
Voltage on Any Pin with | implied. Exposure to absolute maximum rating conditions 

Respect to Ground ................ —1to +-7V for extended periods may affect device reliability. vate 
Power Dissipation. ................seeeeeeee 2.5W.- 


DC ELECTRICAL CHARACTERISTICS (Vss = OV, Voc = 5V + 10%) 


ca ae ee ee 


Input High Voltage Clocks ee Re Re 


Input High Voltage Intra-GDPBus | 3.0 | Voc+ 0.5 | OV 
[Vu _|_Input Low Voltage page 


Vout Output Low Voltage Intra-GDP Bus V 
(loi; = 0.1 mA) 


Output Low Voltage 
(lo.** = 2.0 mA) 
Output High Voltage 
(lon = —400 pA: 43201 | 
— 800 pA: 43202) 
Power Supply Current mA 
(sum of all Voc pins) 


Input Leakage Current ae ee ee 


“For operation at 5 MHz or slower, the GDP may be operated with Vic minimum of 2.7V. 
**lo. for HERR = 0.4 mA; for FATAL = 4 mA 


5-45 Ae : | 171873-002 


Input Low Voltage Clocks [0g p06 eer 
Input Low Voltage IntraGDPBus_ | -0.3 | 07 | 


| Vin _|_Input High Voltage — 20 | act OS | 


VOHI Output High Voltage Intra-GDP Bus 7 
(lon; = 0.1 mA) 


Output Leakage Current aint Mae Me eS 
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iAPX 43201 AC CHARACTERISTICS (Voc = 5V +. 10%, Ta = 0°C to 70°C) 


| Symbol Béscnetion | SMHz | 7MHz |B MHz 


Hor___Glek Gls Tene _1 200500} 14 Ste is 00 te 
jtotr | GlockRiseandFaliTimes | | 10 | oO | 10 | o | 10 


tdi la Edel bell 


[oe [tpt Signalto Gook Setup 

ee ie bee ee 
[tcp __| Clock to Output Signal Delay Time | — | 85 | — | 65 | — | 55 | ns _ 
[ton _| Clock to Output Signal Hold Time | 20 | — | 17 | — | 45 | — | ns 
pie | tnputenable Time | 10 | | a re | 00 Tey 
[ts:___| _InputSignaltoinitSetupTime | 10 | — | 10 | — | 10 | ~ | ns 
jis | InittoinputsignalHoldTime | 20 | — | 17 | — | 15 | — | ons 


The above specifications are subject to the following definitions and test conditions: 


1. Note that tcy=t1 + t2 + t3 + t4 + 2*t, + 2*ty. 


2. Pins under consideration were subjected to the following purely capacitive loading: 
C1 = 25pF on HERR 
C1 = 50pF on ul15.. .ul10, IS6. . .1SO 
C1 = 7OpF on all remaining pins. 


3. All timings are measured with respect to the switching level of 1.5 Volts. The switching point of CLKa and 
CLKg is referenced to the 1.8 Volt Level. 


4.CLK,a and CLKg must be continuously applied for the 43201 to retain its state. 


iIAPX 43202 AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70° C) 


Desotintion | SMHz | 7MHz |S MHz 
| | eee en a 


Clock Cycle Time 143 
(toy=t1+ een +tgt+tgt 2t,+ 2t,) 


| Clock Rise andFallTimes Rise and Fall Times 


| toc __| Signal to Clock Setup Time 

ent meee tats et er 
| tcp __| ClocktoSignalDelayTime | — | a5 | — | 65 | — | 55 | ns 
[ton | Clock to Signal OutputTime |_20 | — | 17 | — | 15 | — | ns 
| tor __|_ Clock to Signal DataFloatTime | — | 75 | — | 75 | — | 55 | ns | 
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The timing characteristics given below assume the following loading on 1 ouput pins. Loading i is given in terms of 


a fixed capacitance plus a DC current load. een a ee 
Pins Loading 3 eo TA Se 
HERR 90 pF lol=8 mA., Open Drain so Sa eae 
Bout 70 pF lol=8 mA., loh= 800 pA : oe 
PRQ 70 pF lol=4 mA., loh=800 pA Seip ie aor 
ISg. . .1So 50 pF MOS only : aera eo ot 
ACD 45. . .ACDg #0 pF lol= 4 mA., loh= 800 pA : ped 


All oiinoni delays are measured with respect to thie falling edge of CLKa except for Bout: Bie oui delays 
are measured with respect to the rising edge of CLKa. 


All timings are measured with respect to the switching level of 1.5 Volts. The switching point of: CLK, and oe 
CLKg is referenced to the 1.8V level. 


The 43202 is not capable of DC operation. For continuous data and logic state retention the CLKa and Ck . 
signals must be present. 


iAPX 43201/43202 Capacitance ; eae i , 


oS Soe an aie : 


ries input Capacitance 
Output Capacitance ‘ 2 
ae fo= 1 MHz, Vin=OV, Voc = 5V, Ta = 25°C 
Outputs in High Impedance State 


bo Lr nt 


WAVEFORMS: 


4115... .ut0 
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43201 Clock Input Specification 43201 Output Timing Specification — 


ACD15...ACD0  |NVALID 
(FROM MEMORY) 


ACD15...ACDO 
(FROM 43202), INVALID 
PRQ 


1Sg...ISo 
CLR, ALARM 
IcS 


(HAROWARE ERROR 
DETECTION) 
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WAVEFORWMS (continued): 


CLKA / \ / 
wlt5-y10 x 


INIT 


MASTER 


HERR 


ylt5...ul0 


DISAGREEMENT 


43201 Hardware Error Detection Timing 


43201 Initialization Timing 


43201 Microcode interrogate Timing 


WAVEFORMS (Continued): 
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43202 Clock Input Specification 


. 
- 


ALL OUTPUT PINS | 3Stare 
_ EXCEPT BOUT PREVIOUS 


as 


tcp. ten ' <t— ton. tor 
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ACD15...ACDO 
(READ TIMING) 


HARDWARE ERROR DETECTION 
INPUT TIMING AND INPUT TIMING 
FOR ALL INPUTS EXCEPT ACD}5...ACDo 
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43202 Input Timing Specification 


_| Move Character 
- Zero Character 

One Character 

Save Character 


AND Character 

OR Character 

XOR Character 

XNOR Character 
Complement Character 


Add Character 
Subtract Character 
Increment Character 
Decrement Character . 


Equal Character 

Not Equal Character 

Equal Zero Character 

Not Equal Zero Character 

Less Than Character 

Less Than or Equal Character 
Convert Character to Short Ordinal 


Move Short Integer 
Zero Short Integer 
One Short Integer 
Save Short integer 


Add Short Integer 
Subtract Short Integer 
Increment Short Integer 
Decrement Short Integer 
Negate Short Integer 
Multiply Short Integer 
Divide Short Integer 
Remainder Short Integer 


Equal Short Integer 
Not Equal Short Integer 
Equal Zero Short Integer 


Not Equal Zero Short Integer 


Less Than Short Integer 


Less Than or Equal Short Integer 


Positive Short Integer 
Negative Short Integer 


Move in Range Short Integer 
Convert Short Integer to Integer 
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iAPX 432. General Data Processor Operator Set Summary 


Move Integer 
Zero Integer 
One Integer 
Save Integer 


Add Integer 
Subtract Integer 
Increment Integer 
Decrement Integer 
Negate Integer 
Multiply Integer 
Divide Integer 
Remainder Integer 


Equal Integer 

Not Equal Integer 

Equal Zero Integer 

Not Equal Zero Integer 

Less Than Integer 

Less Than or Equal Integer 
Positive Integer . 

Negative Integer 

Move in Range Integer 

Convert Integer to Short Integer 
Convert Integer to Ordinal 
Convert Integer to Temporary Real 
Convert Integer to Character 
Convert Integer to Short Ordinal 


Short-Ordinal Operators Ordinal Operators ; Short-Real Operators 


Move Short Ordinal 
Zero Short Ordinal 
One Short Ordinal 
Save Short Ordinal 


AND Short Ordinal 

OR Short Ordinal 

XOR Short Ordinal 

XNOR Short Ordinal 
Complement Short Ordinal 


Extract Short Ordinal 
Insert Short Ordinal 
Significant Bit Short Ordinal 


Add Short Ordinal 
Subtract Short Ordinal 
Increment Short Ordinal 
Decrement Short Ordinal 
Multiply Short Ordinal 
Divide Short Ordinal 
Remainder Short Ordinal 


Equal Short Ordinal 

Not Equal Short Ordinal 

Equal Zero Short Ordinal 

Not Equal Zero Short Ordinal 
Greater Than Short Ordinal! . 
Greater Than or Equal Short Ordinal 


Convert Short Ordinal to Integer 


Move Ordinal 
Zero Ordinal 
One Ordinal 
Save Ordinal 


AND Ordinal 

OR Ordinal 

XOR Ordinal 

XNOR Ordinal 
Complement Ordinal 


Extract Ordinal 
Insert Ordinal 
Significant Bit Ordinal 


Add Ordinal 
Subtract Ordinal 
Increment Ordinal 
Decrement Ordinal 
Multiply Ordinal 
Divide Ordinal 
Remainder Ordinal 
Index Ordinal 
Equal Ordinal 

Not Equal Ordinal 
Equal Zero Ordinal 


‘ Not Equal Zero Ordinal 


Less Than Ordinal 


Less Than or Equal Ordinal 


Convert Ordinal to Integer 
Convert Ordinal to Temporary Real 


9-50 


Move Short Real 
Zero Short Real 
Save Short Real 


Add Short Real—Short Real 

Add Short Real—Temporary Real 
Add Temporary Real—Short Real 
Subtract Short Real—Short Real 
Subtract Short Real—Temporary Real 
Subtract Temporary Real—Short Real 
Multiply Short Real—Short Real 
Multiply Short Real—Temporary Real 
Multiply Temporary Real—Short Real 
Divide Short Real—Short Real 

Divide Short Real—Temporary Real 
Divide Temporary Real—Short Real 
Negate Short Real 

Absolute Value Short Real 
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iAPX 432. General Data Processor Operator Set Summary (Continued) 


Short-Real Operators Real Operators Temporary-Real Operators 


Equal Short Real 

Equal Zero Short Real 

Less Than Short Real 

Less Than or Equal Short Real 
Positive Short Real 

Negative Short Real 


Convert Short Real to Temporary Real 


Access Descriptor Movement Type and 
Operators Rights Manipulation Operators 


Copy Access Descriptor 
Null Access Descriptor 


Refinement Operators Object Creation Operators Access Path Inspection Operators | | 


Create Generic Refinement 
Create Typed Refinement 


Access Interlock Operators Branch Operators Interconnect Operators : 


Lock Object 

Unlock Object 

Indivisibly Add Short Ordinal 
Indivisibly Add Ordinal 
Indivisibly Insert Short Ordinal 
Indivisibly Insert Ordinal 


Process Communication Processor Communication Context 
Operators Operators Operators 


Read Processor Status and Clock 


Send 

Receive 

Conditional Send 
Conditional Receive 
Surrogate Send 
Surrogate Receive 
Delay Process 

Read Process Clock 
Send Process 

Set Process Mode 


Move Real 
Zero Real 
Save Real 


Add Real—Real 

Add Real—Temporary Real 
Add Temporary Real—Real 
Subtract Real—Real 

Subtract Real—Temporary Real 
Subtract Temporary Reali—Real 
Multiply Reali—Real 

Multiply Real—Temporary Real 
Multiply Temporary Real—Real 
Divide Real—Real 

Divide Real—Temporary Real 
Divide Temporary Real—Real 
Negate Real 

Absolute Value Real 


Equal Real 

Equal Zero Real 

Less Than Reai 

Less Than or Equal Real 
Positive Real 

Negative Real 


Convert Real to Temporary Real 


Amplify Rights 
Restrict Rights 
Retrieve Type Definition 


Create Object 
Create Typed Object 


Branch 

Branch True 

Branch False 

Branch Indirect 
Branch Intersegment 


Branch Intersegment without Trace 


Branch Intersegment and Link 
Breakpoint 


Send to Processor 
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Move Temporary Real 
Zero Temporary Real 
Save Temporary Real 


Add Temporary Real 

Subtract Temporary Real - 
Multiply Temporary Real 

Divide Temporary Real 
Remainder Temporary Real 
Negate Temporary Real 

Square Root Temporary Real 
Absolute Value Temporary Real 


Equal Temporary Real 
Equal Zero Temporary Real 
Greater Than Temporary Real 


Greater Than or Equal Temporary Real 


Positive Temporary Real 
Negative Temporary Real 


Convert Temporary Real to Ordinal 
Convert Temporary Real to Integer 
Convert Temporary Real to Short Real 
Convert Temporary Real to Real 


Inspect Access Descriptor 
Inspect Object 

Equal Access 

Move to Embedded Data Value 
Move from Embedded Data Value 


Move to Interconnect 
Move from Interconnect 


Enter Environment 
Copy Process Globals 
Set Context Mode 
Call 

Call through Domain 


Return 

Return and Fault 

_ Adjust Stack Pointer 
Block Move 
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| a Ac ore picotin about the iAPX 432 Micromain- _ Information on the electrical characteristics of other 
mé tone can be found in the following pub- = 432 components can be found in the following publi- 
aS ‘cations: 
~ iAPX 432 General Data Processor Architec- e iAPX 43203 Interface FxGteasor Data Sheet 
ture Reference Manual (Order Number (Order Number 171874) . 
171860) — e iAPX 43204/43205 Fault Tolerant Bus Inter- 
oe iAPX 432 Interface Processor Architecture _ face and Memory Control Units (Order Num- 
Reference Manual (Order Number 171863) — ber 210963) 
“de “iAPX 432 Interconnect Architecture Refer- e iAPX 43204/43205 BIU/MCU Electrical 
of ence Manual (Order Number 172487) Specifications (Order Number 172867) 
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IAPX 43203 
FAULT TOLERANT INTERFACE PROCESSOR 


@ Multiprocessor Architecture Offers | = Multiple Interface Processors Expand 
Fully Independent I/O I/O Capacity 

m High-Speed Data Channel Buffers @ Master/Checker Pairs Detect Hardware 
Burst-Mode Transfers Errors Automatically 

= Software-Controllied Windows Provide @ Quad Modular Redundancy Ensures 
Protected Access to 432 Memory immediate Recovery From Hardware 


@ 16-Bit Data Bus Interfaces Easily to | Faults 


MULTIBUS® Systems 


/ 


The Intel 43203 Interface Processor (IP) provides an independent and decentralized |/O channel for iAPX 432 
Micromainframe systems by mapping a portion of a peripheral subsystem’s address space onto central system 
memory. The 43203 IP can be used with the other members of the iAPX component family (i.e., the 


43201/43202 General Data Processor, the 43204 Bus Interface Unit, and the 43205 Memory Control Unit) to . 


design a completely fault-tolerant computer system. 


The 43203 is a VLSI device, fabricated with Intel’s highly reliable +5 volt, depletion load, N-channel, silicon 
gate HMOS technology, and is packaged in a 68-pin, leadless JEDEC hermetic chip carrier. Refer to Figure 1 
for the JEDEC chip carrier representation of the 43203 pin configuration. 
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Figure 1. iAPX 43203 Interface Processor Pin Configuration 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. November 1983 
- ©intei Corporation, 1983. 5-53 CaS Order Number: 171874-002 
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Table 1 lists a summary of all signal groups, signal names and their active states, and whether or not they are 
monitored by the Hardware Error Detection circuitry. 


Table 1. Pin Description 


| Symbol | PinNo. | Type _| Name and Function 


Processor Packet Bus Group 


Address/Control/Data Lines: These 16 bidirectional 
signals carry physical memory addresses, control information 
(access length and type), and data to and from the memory 

bus. 


When the IP is in checker mode, the ACD pins are monitored 
by the hardware error detection logic and are in the high 
impedance state. 


Processor Packet Bus Request: is issued to gain access to 
the bus. Normally low, the PRQ pin is brought high during the 
same cycle as the first double-byte of address information 
appears on the ACD pins. PRQ remains high for only one 
cycle during the access, unless an address development 
fault occurs. In that case, the IP leaves PRQ high for a 
second cycle to indicate it has detected an addressing or 
segments rights fault in completing the address generation. 


PRQ is checked by the hardware detection logic and remains 
in a high impedance mode when the IP is in checker mode. 


interconnect Status: carries information on errors, data 
synchronization, and interprocessor communication. The 
interpretation of this signal depends on the current cycle of 
the bus transaction. See page 21 for a complete description. 


Enabie Buffers for Output: controls the direction of 
external buffers, if any are used. When BOUT is asserted, it 
indicates that the buffers must be directed to carry 

information outbound from the IP. 


System Group 


: f ee 
Fes, eee eee 


Power: These three pins supply 5-volt power to the IP, and 
all must be connected; the pins are not connected together 
within the IP. 


Ground: These three pins provide the ground reference for 
the IP, and all must be connected; the pins are not 
connected together within the IP. 


Alarm: monitors the condition of an unusual, system-wide 
condition such as power failure. Alarm is sampled on the 
rising edge of CLKA. 


Fatal: is asserted by the IP under microcode control when 
the IP is unable to continue due to various error or fault 

conditions. Once FATAL is asserted, it can only be reset by 
the assertion of INIT. 


When INIT is asserted, the FATAL a functions as an input. 
During initialization, the IP samples the state of FATAL to 
determine if the 432 system side should be placed in 

MASTER or CHECKER mode. See INIT description. 
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Table 1. 


| Symbol | PinNo. | Type __ Name and Function : 


iAPX 43203 


Pin Description (Continued) 


Processor Clock: The assertion of PCLK for one cycle 
causes the system timer within the IP to decrement. Assertion 
of PCLK for two or more cycles causes the system timer to be 
reset. PCLK must remain unasserted for at least 10 clock 
cycles before being asserted again. The IP samples PCLK on 
the rising edge of CLKa. 


Clear: Assertion of CLR results in a microprogram trap 
causing the IP to immediately terminate any bus transactions 
or internal operations in progress. The IP resets to a known 
state, asserts FATAL, and awaits an IPC for initialization. The 
IPC is not serviced for at least four clock cycles following the 
assertion of CLR. 


Response to CLR is disabled by the first CLR assertion and is 
reenabled when the IP receives the first IPC (or INIT 
assertion). 


The IP samples CLR on the rising edge of CLKa. 


Initialize: Assertion of INIT resets the internal state of the IP 
and starts execution of the initialization microcode. INIT must 
be asserted for a minimum of 8 clock cycles. After the INIT pin 
returns to its nonasserted state, the IP initializes all of its 
internal registers and windows, and waits for a local IPC. INIT 
is sampled on the rising edge of CLKa. 


During INIT assertion, the IP samples the FATAL and HERR 


pins to establish the mode (MASTER or CHECKER) for each | 
of the bus interfaces to the IP. See accompanying table. 


Representation of MASTER/CHECKER | 
Modes at Initialization 
aaa iAPX 432 Peripheral 


MASTER MASTER 

MASTER CHECKER 
CHECKER. ~ MASTER 
CHECKER CHECKER 


Hardware Error: This line is used to signal a discrepancy 
between a value internally computed by a checker and that 
output by the master. The sampling for errors occurs at the 
most appropriate time for each of the pins being checked. 


HERR is an open drain output and requires an external pullup 
resistor. Nominally, the output is held low, but released upon 
the detection of a discrepancy. The timing of HERR depends 
on the source of the error. Once HERR is high, it remains high 
until external logic forces it low again. When HERR goes low, 
the present error condition is cleared and HERR is 
immediately capable of detecting and signalling another error. 


When INIT is asserted, the HERR pins becomes an input. 
During initialization, the IP samples HERR to establish the 
mode (MASTER or CHECKER) of the bus interface to the 
peripheral subsystem. See the discussion of INIT. . 
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Table 1. Pin Description a) 


System Group (Continued) 

CLKa 11 Clock A: is a square-wave clock which must operate 
continuously to preserve the operating state of the IP. 

CLKg 10 Clock B: is a square-wave clock which operates at the same 
frequency as CLKa, but lags it by 90 degrees. CLKg must 
operate continuously to preserve the operating state of the IP. 


Peripheral Subsystem Bus Group 


Address/Data: These pins constitute a multiplexed address , 
and data input/output bus. When the Attached Processor bus 
is idle or during the first part of an access, these pins normally 
view the bus as an address. The address is checked 
asynchronously to see if it matches any one of the five window 
address ranges. The address is latched on the falling edge of 
ALE, thereby maintaining the state of match or no match for the 
remainder of the access cycle. The addresses are unlatched on 
the falling edge of OE. 


Once SYNC has pulsed high, the AD;5-ADp pins become data 
input and output pins. When WR is high (read mode) and OE is 
asserted, data is accessed in the IP and the output buffers are 
enabled onto the AD pins. When WR is low (write mode), data 
is sampled by the IP after the rising edge of SYNC and while 
CLKais high. 


The address is always a 16-bit unsigned number. Data may be 
either 8 or 16 bits as defined by BHEN and ADpo. The 8-bit data 
may be transferred on either the high (AD;5-ADg) or the low 

(ADp-AD7) byte, while the opposite byte is tristated. 


During the clock in which write data is sampled, data must be 
set up before the rising edge of CLK, and must be held until 
the falling edge of that clock cycle. Read data is driven out from 
a CLKag high and should be sampled on the next rising edge of 
CLKa. 


Hardware error detection is not done synchronously to CLKa; 
rather, it is sampled on the falling edge of OE. The internal AD 
pin hardware error detection signal is then clocked and output 
as HERR. Even at this point, it may not be synchronous with 

CLKA and so should be externally synchronized. 


Byte High Enable: This pin, together with ADo, determines 
whether 8 or 16 bits are to be accessed, and if it is 8 bits, 
whether it is to be accessed on the upper or lower byte 
position. BHEN is latched by the falling edge of ALE and 
unlatched by the falling edge of OE. See accompanying table 
for decoding. 


Bus Data Controls 


| BHEN | ADo | Description 


16-bit access 
8 bits on upper byte, lower byte tristated 
8 bits on lower byte, upper byte tristated 
8 bits on lower byte, upper byte tristated 
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Table 1. Pin Description (Continued) 


Peripheral Subsystem Bus es ‘Coninieds 
Chip Select: specifies that this IP is selected and that a read or write 


_ cycle is requested. CS is latched by the falling edge of ALE and © 


unlatched by the falling edge of OE. 


Write: specifies whether the access is to be a read or a write. WR is 
asserted high for a read and low for a write. The pin is latched by the 
falling edge of ALE and unlatched by the falling edge of OE. 


Address Latch Enable: The rising edge of ALE sets a flip-flop that 
enables XACK to become active. The falling edge of ALE latches the 
address on the AD;5-ADg pins and latches WR, BHEN, and CS. 


Data Output Enable: During a read cycle OE enables read data on the 
AD 15-ADg pins when it is asserted. The falling edge of OE signifies the 
end of an access cycle (for either a read or a write) by: 


1. Resetting the XACK enable flip-flop, thereby terminating XACK. 


2. Terminating DEN (if a read cycle). 


3. Opening address latches WR, BHEN, and CS. 


Synchronized Qualifier Signal: A rising edge on this signal must be 
synchronized to the IP CLKa falling edge. SYNC qualifies the address, 

BHEN, CS, and WR, indicating a valid condition. SYNC also initiates any 

internal IP action to process an access. 


In aread access, SYNC starts the request for data to the IP, andina 
write access, data is expected one or two CLKa cycles after SYNC 
pulses high. At initialization time, IP microcode sets the write sample 
delay to the slowest operation, two CLK,a cycles after SYNC, but this 
can be changed to one clock cycle by making a function request to the 
IP to change the write sample delay. 7 


When the hold/hold-acknowledge mechanism of the IP is used, and 
once HDA has pulsed high, a SYNC pulse is required to qualify the hold 
acknowledge, since the HDA pin can be asynchronous. 


PS Synchronization Group 


XACK 


Transfer Acknowledge: This signal is used to acknowledge that a data 
transfer has taken place. 


For random or local accesses, XACK indicates that a transfer to or from 
432 system memory has been completed. 


For buffered accesses where the XACK-Delay is not in the advanced 
mode, XACK signifies that the transfer from/to the prefetch/postwrite 


buffer in the IP has been completed. 


For buffered accesses which use advanced acknowledge mode 
(XD= 0) the formation of an advanced XACK signal is requested. This 
enables the IP to interface with a peripheral subsystem without wait 
states. The acknowledge will be advanced if the access is a read 
operation and the buffer contains the required data, or the access is a 
write operation and the buffer contains sufficient space to accept the 
write data. Of course, the access must also be valid. 


5-57 “4 3 | | | 171874-002 | 


‘ at en AAR eo) ee, Lee ee —S ge siz Sa > a 
wh J = oy peak ea lg er 3 rue Fe) a4 < 25 h Bars, 2. SENS oe Pees Ti ath ae 
Rae et EN eh aye | ir Fe PRR eth, YBs, Nae ee CO PT ees, BEY Oak 
= wie ak ea 7 Mage ye eo et ee ee . 4 wor 


"ie t22 } 
7 k= ‘ 
po Fadiats Nasri sor Sih ff 
ie reve gle Rey fla fo yey 


of! By wv. 4 > © 
* 4 / 4 za ~ « 
Nit we ‘et, 
4, J; , pM S & Ray e3 
i ee OV yin! (poate eh anaes 
Pl og SOT AT tat Rah a 


ae 


Ce es Pe eee ae ee a ee ee a aay He ey a pe FO Pe Spot Spee Dir Setite laa oe i in tie aie ai iy ae ie Eek ee ees aah alti aie eae ee in ve oe Nah 
a Pe ae eae een eet a Se ae abet Oe eo eS Pe the By bah ae 


Intel ee iAPX 43203 ee. 


Table 1. Pin Description (Continued) 


| Symbol | PinNo. | Type | Name and Function 
PS Synchronization Group (Continued) 


If XACK is preceded by a low pulse on NAK, then XACK signifies that 
the access encountered a fault. If the Access was a random access, 
other than window 4, the window is placed in a faulted state and any 
further attempts to access the window are ignored by the IP. 


If the IP is programmed to be in advanced acknowledge mode (XD=0) 
and XACK is not returned before the peripheral subsystem issued 
SYNC, then XACK will be postponed until valid data has been 
established on the AD;5-ADg bus. 


Five conditions affecting XACK behavior are: 


1. XACK-Delay, user-programmable through an IP function request. 
This parameter establishes the minimum operating XACK-delay with 
respect to the SYNC signal. See accompanying table. 


2. XACK-enable-flip-flop, set by the rising edge of the ALE signal and 
reset by the falling edge of the OE signal. 


3. Internal IP registers. These are used to determine validity of the 
peripheral subsystem access and establish access modes. 


4. Type of access behavior: Random or Buffered, Memory or 
Interconnect. 


5. Bus faults, nonexistent memory, etc. 


Hardware error detection occurs during the first clock of SYNC 
assertion. 


XACK Timing Parameters 


Inhibit 


Advanced Acknowledge 

(XACK can occur before SYNC). 
Rising edge.of SYNC 

Rising edge of SYNC plus 1 Clock 

Rising edge of SYNC plus 1 Clock 

Rising edge of SYNC plus 2 Clocks 

Rising edge of SYNC plus 2 Clocks 
Rising edge of SYNC plus 2 Clocks 

Illegal condition 


oO 


<~—-=-OO0O 
xx KOO + 
i im CCC =k ak 


Note: X = don’t care condition 


Negative Acknowledge: This signal precedes XACK by at least one- 
half clock cycle, indicating that a transfer did not occur. NAK pulses low 
for only one clock period. 


When the IP is in physical mode and making an interconnect access, 
negative acknowledge may be used to indicate that the access was 
made to a nonexistent interconnect address. This will allow a 

subsystem processor to determine the system configuration at system 
initialization. 
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Table 1. Pin Description (Continued) 


Syme [Pn [Type [Na ane nai 


PS Synchronization Group (Continued) 


NAK can also be used to set a status bit and cause a special interrupt to 
transmit the information back to the system. 

NAK is driven synchronously from the falling edge of CLKa. Hardware 
error detection occurs while CLKa is high. 


INH1 Inhibit: can be used to override other memories in the peripheral 


subsystem whose address space is overlapped by an IP window. INH1 
PS Control Group 


is asserted asynchronously by nonclocked logic when a valid mappable 
address is detected. 


After initialization, the IP microcode sets the INH1 mode for each 
window by loading registers in the IP for each window. Once the 
subsystem is allowed to make a function request, it can selectively 
enable or disable the inhibit mode on each window. INH1 is gated off by 
CS. 


The selection of inhibit mode for window 0, when in buffered mode, 
causes a built-in XACK-delay which delays the acknowledge from going 
active until two clock periods after the rising edge of SYNC. This was | 
done to facilitate the use of most MULTIBUS systems using INH1, as 
they require that the acknowledge be delayed. When the Advanced 
XACK mode is programmed, the inhibit mode should not be used on 
window 0 when in buffered mode, since the acknowledge will not be 
effectively delayed. 


Hardware error detection occurs during the first clock of SYNC 
assertion. 


Data Enable: This signal enables the external data buffers used in 
systems where the address and data are not multiplexed (e.g., a 
MULTIBUS system). DEN assertion begins no sooner than the first 
clock of SYNC assertion while CLKag is high, given that a valid, 
mappable address range has been detected. DEN is terminated either 
with the falling edge of OE or after XACK assertion. 


Hardware error detection occurs during the first clock of SYNC 
assertion. 


Hold Request: The hold/hold-acknowledge mechanism is an 
intelocking mechanism between the peripheral subsystem and the IP. 
HLD is used by the IP to gain control of the subsystem bus to ensure 
that no subsystem processors will make an access to the IP while it 
alters internal registers. 


HLD is put out synchronously with the rising edge.of CLK,a. Hardware 


error detection sampling occurs while CLKa is low. 


In certain systems, it may not be necessary to use the HLD function 
interlocking. In those cases, HDA can be tied high and no SYNC pulse 
will be required for HDA qualification. The hardware detects this 
condition by noting that the HDA pin was high a half-clock before HLD 
requests a hold. In this mode, the HLD output still functions and can be 
monitored if desired. 
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PS Control Group (Continued) 


FUNCTIONAL DESCRIPTION 


As its name implies, the 43203 Interface Processor 
is a logical and physical interface which links a pe- 
ripheral subsystem to the iAPX 432 central system. 
(The internal architecture of the IP is illustrated in 
Figure 2.) The peripheral subsystem functions as an 
independent and decentralized |/O channel much in 
the same way as I/O channels in traditional main- 
frames. 


iAPX 432 
SYSTEM 


Hoid Acknowledge: When the IP’s request for a hoid has been granted 
by the peripheral subsystem, HDA is asserted. The signal need only be 

a high pulse and can be asynchronous to CLKa, but must be followed by 
a SYNC pulse in order to qualify it synchronously. 


interrupt: This signal is used to interrupt the Attached Processor to 
request servicing. The output is a pulse two CLKa’s wide, and is driven 
synchronously from the rising edge of CLKa. Hardware error detection 
occurs while CLKa is low. 


Peripheral Subsystem Reset: is asserted by the IP under microcode 
control. When asserted, the peripheral subsystem should be reset. 
When used for debugging, it may be desirable to use this pin to set a 
status bit in an external register or perhaps to cause a special interrupt. 
PSR is normally asserted by the IP when the peripheral subsystem is 
believed to be faulty and will not respond to other means of control. 


PSR is issued synchronously with the rising edge of CLKa. Hardware 
error detection sampling occurs while CLKa is low. 


iIAPX 43203 


Pin Description (Continued) 


[Symbol | PinNo. | Type | NameandFunction 


The diagram in Figure 3 represents the IP as a logi- 
cal device and illustrates the signal interface to the 
Processor Packet Bus (left side) and the peripheral 
subsystem (right side). The IP is connected to the 
peripheral subsystem bus so that it occupies a con- 
tiguous range of memory addresses, up to 64k bytes 
in length. A peripheral subsystem reference to one 
of these addresses is a reference to the IP, and 
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iAPX 43203 


the IP responds to the address like a memory. The 
IP also provides an interrupt request line which is 
routed to its Attached Processor (AP) in the periph- 
eral subsystem. The “other side” of the IP is con- 
nected to the central system in exactly the same 
manner as an iAPX 432 General Data Processor 


(GDP). By means of these connections, the IP links . 


the peripheral subsystem physically to the central 
system; at the same time, it is positioned to monitor 
all data flow across the system boundary. 


It is important to recognize that the IP is an inter- 
face mechanism, not an active device in the sense 
of a CPU. The IP does not fetch instructions; in- 
stead, it executes commands issued by AP software. 
Although physically connected only by a bus and in- 
terrupt line, the relationship of the IP and AP is very 
close. Indeed, it is often convenient to think of them 
as constituting a logical |/O processor. 


Peripheral Subsystems 


A computer system based on the iAPX 432 Micro- 
mainframe consists of a 432 central system and one 
or more peripheral subsystems. Figure 4A illustrates 
a hypothetical configuration, which employs two pe- 
ripheral subsystems. The 432 system hardware is 
composed of one or more General Data Processors 
(GDPs), one or more Interface Processors (IPs), and 
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Figure 3. 


SYMBOL 


a common memory shared by the processors. In 
most 432 systems, including all fault-tolerant sys- 
tems, the processors and memory are interconnect- 
ed through multiple iAPX 43204 Bus Interface Units 
(BIUs) and iAPX 43205 Memory Control Units 
(MCUs). (See Figure 4B.) 


Software in a 432 system can be viewed as a collec- 
tion of one or more processes that execute on the 
GDPs. A fundamental principle of the 432 architec- 
ture is that the 432 environment is self-contained; 
neither processors nor processes have any direct 
contact with the ‘outside world.” In concept, the 
432 system is enclosed by a wall that protects ob- 


jects in memory from possible damage by uncon- | 


trolled 1/O operations. 


In a 432-based system, the bulk of processing re- 
quired to support input/output operations is delegat- 
ed to peripheral subsystems; this includes device 
control, timing, interrupt handling, and buffering. A 
peripheral subsystem is an autonomous computer 
system with its own memory, I/O devices and con- 
trollers, at least one processor, and software. The 
number of peripheral subsystems employed in any 
given application depends on how |/O-intensive the 
application is: the number may be varied as needs 
change and is independent of the number of GDP 

in the system. , 
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Figure 4A. A Logical View of a 432 System and 2 Peripheral Subsystems 
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Figure 4B. A Physical View of a 2 Bus System 
with 2 General Data Processors and 1 Peripheral Subsystem 
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A peripheral subsystem resembles a conventional 
mainframe channel in that it assumes responsibility 
for low-level |/O device support and executes in par- 
allel with system processors. Unlike a simple chan- 
nel, however, each peripheral subsystem can be 
configured with a complement of hardware and soft- 
ware resources that precisely fits application cost 
and performance requirements. 


The IP is driven by peripheral subsystem software. 
To support the transfer of information through the 
wall that separates a peripheral subsystem from the 
432 central system, the IP provides a set of soft- 
ware-controlled windows. A window is used to ex- 
pose a single object (typed data structure) in 432 
system memory so that its contents may be trans- 
ferred to or from the peripheral subsystem. To pre- 
serve the integrity of the capability-based protection 
mechanisms in the 432 central system, the IP pro- 
vides the peripheral subsystem with windowed ac- 
cess only to the data part of 432 objects. 


In addition, an IP provides a set of functions which 
are also invoked by peripheral subsystem software. 
While their operations vary considerably, these func- 
tions (and the returned results) generally permit ob- 


jects in 432 memory to be manipulated as entities, 
and they enable communication between system 
processes and software executing in a peripheral 
subsystem. 


It is important to note that both the window and func- 
tion facilities utilize and strictly enforce 432 address- 
ing and protection systems. Thus, a window pro- 
vides protected access to an object and.a function 
provides a protected method by which peripheral 
subsystem software can interact with the 432 sys- 
tem. 


Basic I/O Model 


As Figure 5 illustrates, input/output operations in a 
432 system are based on the notion of passing mes- 
sages between processes executed within the 
432’s central system and device tasks executed in 
a peripheral subsystem. A device task can be 
thought of as the operation of peripheral subsystem 
hardware and software responsible for managing an 
|/O device. In contrast, the I/O device itself either 
produces or consumes data. For example, an |/O 
device may be a real device (e.g., a terminal), a file, 
or a pseudo-device (e.g., a spooler). 
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(1) Process formulates message describing service, sends it to device tasks. 

(2) Device task receives service order, interprets it. 

(3) Device task transfers data according to service order parameters. 

(4) Device task formulates reply message containing result of transfer operation, sends it back to originating Seve 
(5) Originating process receives reply, interprets it, executes accordingly. 


Figure 5. Basic I/O Service Cycie 
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A message sent from a GDP process requesting |/O 
service contains information that describes the re- 
quested operation (e.g., ‘read file XYZ’’). The device 
task interprets the message and carries out the op- 
eration. If an operation generates input data, the de- 
vice task returns the task as a message to the origi- 
nating process. (The device task may also return a 
message to positively acknowledge completion of a 
request.) | 


The 432’s object-based architecture provides a very 
general and powerful mechanism for passing mes- 
sages between processes. While a given peripheral 
subsystem may or may not have its own message 
facility, there is no requirement that it be inherently 
compatible with the 432. By interposing a peripheral 
_ subsystem interface through the IP, the standard 
432 interprocess communication system can func- 
tion with any device task (see Figure 6). 


Attached Processor 


Almost any general-purpose processor, such as the 
iAPX 86, iAPX 186, or iAPX 286, can be used as an 
Attached Processor in an iAPX 432 system, and it 
need not be dedicated exclusively to working with 
the Interface Processor. It might, for example, also 
execute device task software or user applications. 
‘Although multiple IPs can service a single AP for 
increased |/O throughput, only one processor (if a 
peripheral subsystem uses multiple processors) 
should be designated to serve as the AP. Other 
processors (or active agents, such as DMA control- 
lers) may be given access to IP windows, but con- 
trol of the IP should be centralized with the AP. 


As Figure 7 shows, the AP is ‘“‘attached” to the IP in 
a logical sense only. The physical connections are 
standard bus signals and one interrupt line (which 
would typically be routed to the AP via an interrupt 
controller). 


Continuing the concept of the logical |/O processor, 
the AP fetches instructions, provides the instructions 
needed to alter the flow of execution, and performs 
arithmetic, logic, and data transfer operations within 
the peripheral subsystem. 


The IP completes the logical |1/O processor by pro- 
viding data paths between the peripheral subsystem 
and the central 432 system. In effect, the IP also 
extends the AP’s instruction set so that software 
running on the logical |/O processor can operate in 
the 432 system. 


As shown in Figure 7, the IP provides both a periph- 
eral subsystem bus interface and a standard 432 
processor packet bus interface. By bridging the two 
buses, the IP provides the hardware link that permits 
data to flow between the 432 central system and the 
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The IP connects to the 432 central system in exactly 


the same way as a 432 GDP. Thus, in addition to 


being able to access 432 system memory, the IP 
supports other 432 hardware-based facilities, includ- 
ing interprocessor communication (IPC), alarm sig- 
naling, and functional redundancy checking. 


On the peripheral subsystem side, the IP provides a 
very general bus interface that can be adapted to 
any standard microprocessor bus, including Intel’s 
MULTIBUS and MULTIBUS II architectures, as well 
as the component buses of the MCS-85 and iAPX 
86 families. The IP is connected to the peripheral 
subsystem bus as if it were a memory component; it 
occupies a block of memory addresses up to 64k 
bytes long. Like memory, the IP usually behaves 
passively within the peripheral subsystem and is 
driven by peripheral subsystem memory references 
that fall within its address range. 


While the IP generally responds like a memory com- 
ponent, the IP’s interrupt signal notifies its AP that 
an event requiring attention has occurred. Interrupt- 
handling software on the AP then reads the status 
information provided by the IP to determine the na- 
ture of the event. 


To summarize, the Attached Processor and the In- 
terface Processor interact with each other by means 
of address references generated by the AP and in- 
terrupts generated by the IP. Since the IP responds 
to memory references, other active peripheral sub- 
system agents (bus masters), such as DMA control- 
lers, may obtain access to 432 system memory via 
the IP’s windows. 


Peripheral Subsystem Interface 


A peripheral subsystem interface is a combination of 
hardware and software that acts as an adaptor, en- 
abling message-based communication between a 
process in the 432 system and a device task in a 
peripheral subsystem. . 


The peripheral subsystem interface is managed by 
software, known generically as the I/O controller. 
The I/O controller executes on the Attached Proces- 
sor and uses the facilities of the AP and IP to control 
the flow of data between the 432 central system and 
the peripheral subsystem. 


The 432 hardware imposes no constraints on the 
structure of the I/O controller. To help simplify the 
organization and modification of software, imple- 
menters may wish to consider arranging it as a col- 
lection of tasks running under the control of a multi- 
tasking operating system. Intel’s iMAX operating 
system for the 432, for example, provides interfaces 
to either the iRMX-86 or iRMX-88 operating sys- 
tems. 
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This type of organization supports an asynchronous 
message-based communication facility. Extending 
this approach to the device task results in a consis- 
tent, system-wide communication model. However, 
communication within the I/O controller and be- 
tween the |/O controller and device tasks is com- 
pletely application-defined. It might be implemented 
via synchronous procedure calls with “messages” 
passed in the form of parameters. 


However it is structured, the |/O controller interacts 
with the 432 central system through three major fa- 
cilities provided by the Interface Processor: execu- 
tion environments, windows, and functions. 


Execution Environments 


Within the 432 system the Interface Processor pro- 
vides a process addressing environment supporting 
the operation of the I/O controller. This environment 
is embodied as a set of system objects that are 
used and manipulated by the IP. At any time, the |/O 
controller is represented in 432 memory by IP proc- 
ess objects and their associated context objects. 
Like a GDP, the IP is itself represented by a proces- 
sor object. Representing the IP and its controlling 
software in this way creates an execution environ- 
ment analogous to the environment of a process 
running on a GDP. This environment provides a 
standard framework for addressing, protection, and 
communication within the 432 system. 


Like a GDP, an IP supports multiple process environ- 
ments. The I/O controller selects the environment in 
which a function is to be executed. This permits, for 
example, the establishment of separate environ- 
ments corresponding to the individual device tasks 
in the peripheral subsystem. If an error occurs while 
the IP controller is executing a function on behalf of 
one device task of the !/O controller, that error is 
confined to the associated process, and processes 
associated with other device tasks are not affected. 


Windows 


Every transfer of data between the 432 central sys- 
tem and a peripheral subsystem is performed 
through an IP window. A window defines a corre- 
spondence, or mapping, between a subrange of 
consecutive peripheral subsystem memory address- 
es (within the range of addresses occupied by the 
IP) and the data part of an object in 432 system 
memory (see Figure 8). When an agent in the pe- 
ripheral subsystem (e.g., the 1/O controller) reads a 
windowed address, it obtains data from the associat- 
ed object; writing into a windowed address transfers 
data from the peripheral subsystem to the windowed 
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object. The action of the IP, in mapping the peripher- 
al subsystem address to the system object, is trans- 
parent to the agent making the reference. As far as it 
is aware, it is simply reading or writing memory. 


Since a window is referenced as memory, any indi- 
vidual transfer may be made between an object and 
peripheral subsystem memory, an object and a pe- 
ripheral subsystem register, or an object and an I/O 
device. While the latter might be appealing from the 
standpoint of efficiency, it should be used with cau- 
tion. 


Using a window to connect an I/O device and an 
object in 432 memory directly has the undesirable 
effect of propagating real-time constraints imposed 
by the device beyond the subsystem boundary into 
the 432 central system and may seriously compli- 
cate error recovery. Then too, there is only a finite 
number of windows and most applications will need 
to manage them as scarce resources not always in- 
stantly available. This means that at least some I/O 
device transfers may need to be buffered in periph- 
eral subsystem memory until a window becomes 
available. It may be simplest to buffer all 1/O device 
transfers in memory and use the windows to transfer 
data between the peripheral subsystem memory and 
432 system memory at regular intervals. 


There are four IP windows that can be mapped onto 
four different objects. The |/O controller may alter 
the windows during execution to obtain access to 
different objects. References to windowed subrang- 
es may be interleaved in time and may be driven by 
different agents in the peripheral subsystem. For ex- 
ample, the AP and a DMA controller may be driving 
transfers concurrently, subject to the same bus arbi- 
tration constraints that would apply if they were ac- 
cessing memory. 


Functions 


A fifth window, the control window, provides the |/O 
controller with access to the Interface Processor’s 
function request facility. The |/O controller re- 
quests the execution of an IP function by writing op- 
erands and an opcode into predefined locations in 
the control window’s subrange. This procedure is 
very similar to writing commands and data to a mem- 
ory-mapped peripheral controller (¢.g., a floppy disk 
controller). Upon completion of the function, the IP 
interrupts the AP and provides status information 
that the IP controller can read through the control 
window. The IP can respond concurrently to transfer 
requests to the other four windows while it is execut- 
ing a function. In addition, data transfers through 
windows 0 through 3 may be interleaved with func- 
tion request sequences through the control window. 
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1/O Data Fiow Summary 


Figure 9 summarizes the relationship of hardware 
and software components that cooperate to move 
data between an |/O device and 432 system memo- 
ry. Notice how the peripheral subsystem interface 
not only bridges the 432 central system/peripheral 
subsystem boundary, but also hides the characteris- 
tics of one system from the other. As far as a device 
_task is concerned, its job is to move data between 
memory and an |/O device; it may be completely 
unaware that it is connected to a 432 system. 


This means that existing device tasks may be uti- 
lized in a 432 system with little or no modification, 
and that programmers working on device tasks need 
not be trained in the operation of the 432. Similarly, 
a GDP process that needs an I/O service need have 
no knowledge of the details and characteristics of 
the target |/O device. As far as it is concerned, it 
“performs” |/O in the same way that it communi- 
cates with a cooperating process—by sending and 
receiving messages through the 432 interprocess 
communication facility. | 
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Other IP Facilities 


The preceding sections have described the Inter- 
face Processor as it is used most of the time. The IP 
also has two additional capabilities that are used in 
special circumstances: physical reference mode and 
interconnect access. 


Physical Reference Mode 


Normally, an IP operates in logical reference mode 
using Capability-based addressing. In other words, it 
utilizes an access descriptor to specify a particular 
432 object rather than a physical location in memo-. 
ry. There are times, however, when logical referenc- 
ing is impossible because’ the objects used by the 
hardware to perform logical-to-physical address 
translation are absent (or, less likely, damaged). In 
these situations, the IP can be used in physical refer- 
ence mode. 


An IP operating in physical reference mode circum- 
vents the protection mechanisms of the 432 system. 
The IP provides a reduced set of functions, and 
makes no distinction between the data part and the 
access part of an object. In physical mode, a window 
maps directly onto a range of contiguous physical 
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Figure 9. 1/O Data Flow Summary 
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memory addresses (rather than object structures in 
432 system memory). The IP selects a segment by 
specifying a 24-bit physical address when it estab- 
lishes a window, and interprets subsequent sub- 
range references as 16-bit displacements (there is 
no length checking) from the segment’s base ad- 
dress. This simple base-plus-displacement address- 
ing is similar to traditional computer addressing tech- 
niques. 


Physical reference mode is ‘used most often during 
system initialization to load images of objects from a 
peripheral subsystem into 432 system memory. 
Once the required objects are available, processors 
can begin normal logical reference mode opera- 
tions. Logical mode cannot be used until the object 
tables required for logical-to-physical address trans- 
lation have been constructed and loaded into 432 
system memory. 


Interconnect Access 


In addition to memory, the iAPX 432 architecture de- 
fines a second, independent address space called 
the processor/memory interconnect address 
space. The interconnect space allows interconnect 
objects containing one or more interconnect regis- 
ters to be maintained. Interconnect registers are 
double-byte quantities aligned on double-byte 
boundaries. With the exception of a few reserved 
addresses, the definition and use of interconnect lo- 
Cations is not predefined for the IP. 


The IP (like the GDP) requires two register locations 
in the interconnect space to be defined for any sys- 
tem: 


e The processor ID register (interconnect ad- 
dress 0) 


e The interprocessor communication register 
(interconnect address 2) 


The remainder of the interconnect address space 
may be used to store or acquire other information 
such as configuration parameters, error logs, and 
other application-specific quantities. 


Window 1 is software-switchable between the mem- 
ory and the interconnect spaces. In logical reference 
mode, the interconnect space is addressed in the 
same object-oriented manner as the memory space 
with the IP automatically performing the logical-to- 
physical address translation. 


To access the interconnect space, ¢he |/O controller 
must specify an access selector for an interconnect 
object that exposes a segment of the interconnect 
space to the IP. The normal window addressing 
scheme is then used to locate individual intercon- 
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nect registers within an object. Switching window 1 
to interconnect access mode gives the IP access to 
interconnect objects. Writing or reading window 1 
then is equivalent to the MOVE TO INTERCON- 
NECT and MOVE FROM INTERCONNECT opera- 
tors of the GDP. 


In physical reference mode, the interconnect space 
is addressed as a linear array of even-addressed, 
double-byte interconnect registers. As with physical 
reference mode memory accesses, the switchable 
window is established with a 24-bit address. Periph- 
eral subsystem references to the corresponding 
subrange are likewise interpreted by the IP as 16-bit 
displacements from the base address to individual 
interconnect registers. 


Memory Structure 


The architecture of the iAPX 432 defines a two-level 
memory space. Software operates in a segmented 
environment in which a logical address specifies the 
location of an object (data structure), and the proc- 
essor automatically translates this logical address 
into a physical address. A physical address is 24 bits 
long, allowing a maximum physical memory of 16 
Megabytes. When requesting access to either read. 
or write memory, a 432 processor transmits the be- 
ginning byte of the memory byte to be referenced 
along with the length of the access. An Interface 
Processor can request to read or write up to eight 
bytes in a single memory access. 


The multiprocessor architecture of the iAPX 432 
places requirements on the memory system to en- 
sure the integrity of data. If several processor were 
permitted to read and modify the same data struc- 
ture without coordination, the data could become in- 
consistent or erroneous. Therefore, indivisible read- 
modify-write operations are necessary to manipulate 
system objects. 


When an RMW-read is processed for a location in 
memory, any other RMW-reads to that location must 
be delayed to that location until a RMW-write to that 
location has been received (or until an RMW timeout 
has occurred). While the memory system is awaiting 
the RMW-write, however, other types of reads and 
writes are permitted. 


Even so, if an operand is a double-byte or longer, 
the memory system must still ensure that the entire 
operand has been read or written before once again 
allowing access to the same location. For example, 


_ if two simultaneous writes to the same location oc- 


cur, the memory system must guarantee that the set 
of locations used to store the operand does not get 
changed to some interleaved combination of the two 


written values. 
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Designing Fault-Tolerant Systems 


When used together, the five components in the 
iAPX 432 family provide all the logic necessary to 
— build a system that will tolerate the failure of any 
single component or bus, yet continue to execute 
programs without error and without interruption. No 
software intervention is required: fault detection, iso- 
lation, and reconfiguration of the system is per- 
formed entirely by the hardware. 


Each Interface Processor is able to detect hardware 
errors automatically because of a capability known 
as Functional Redundancy Checking (FRC), so 
called because a second or redundant IP checks the 
operations of the first or master IP. Functional Re- 
dundancy Checking provides the low-level hardware 
support upon which hardware fault-tolerant modules 
are constructed. 


During initialization, each IP is assigned to operate 
as either a master or a checker (see Figure 10). 
While a master operates in a conventional manner, a 
checker places all output pins that are being 
checked into a high-impedance state. Those pins 
which are to be checked on a master and checker 
are parallel-connected, pin for pin, such that the 
checker is able to compare its master’s output pin 


values with its own. If on any cycle, the values differ, . 


- the checker asserts HERR and the faulty compo- 
nents can be immediately disabled. Thus, any hard- 
ware errors can be detected as they occur and be- 
fore they have had the opportunity to corrupt the 
operation of other components in the system. 


MASTER 


CHECKED 
OUTPUTS 


HERR 
CHECKER 
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Figure 10. Function redundancy checking 
detects hardware errors automatically 


While FRC can be used alone to provide automatic 
error detection, a completely fault-tolerant system 
must also be able to reconfigure itself, replacing the 
set of failed components with another pair that is still 
working. In order to do so, the 432’s architecture 
enables two pairs of master/checker components to 
be combined to form primary and shadow proces- 


9-70 


iAPX 43203 


sors in a configuration known as Quad Modular Re- 
dundancy (QMR). See Figure 11. 


Every module in a QMR system is paired with anoth- 
er self-checking module of the same type. The pair 
of self-checking modules operates in lock step and 
provides a complete and current backup for all state 
information in the module. The mechanism is known 
as module shadowing because a shadow is ready to 
fill in if the primary fails (or vice versa). Fault detec- 
tion and recovery occurs transparently to both appli- 
cation and system software. When a fault is detect- 
ed, the faulty pair is automatically disabled, and the 
remaining pair takes over. Only then is system soft- 
ware notified that a failure has occurred. 


A more complete discussion of the fault-tolerant ca- 
pabilities of the iAPX 432 can be found in the iAPX 
43204-iIAPX 43205 Fault Tolerant Bus Interface 
and Memory Control Units data sheet (Order Num- 
ber 210963). 


Processor Packet Bus Definition 


Processors sharing the same memory must contend 
for access to that memory over one or more system 
buses. Therefore, efficient bus utilization is essential 
in a multiprocessing system. A simple and efficient 
approach to building a 432 interconnect system is to 
use the iAPX 43204 Bus Interface Unit; the VLSI 
component provides the necessary Circuitry to inter- 
connect 432 processors with from one to eight 
memory buses. Some system designers, however, 
may prefer to take other approaches to the intercon- 
nect design to optimize the cost/performance ratio 
of the hardware for their specific application. With 
that requirement in mind, Intel formulated an iAPX 
432 packet bus protocol which supports a wide 
range of system bus architectures. 


To reduce bus occupancy and increase the perform- 
ance range of 432 systems, the packet bus protocol 
separates processor requests and replies into sepa- 
rate packets. A processor can issue a request pack- 
et and leave the system bus free until the reply pack- 
et is returned from memory. 


As a second method of maximizing the efficiency of 
bus utilization, the packet bus protocol allows vari- 
able length packets of data. If a processor wishes to 
read a 64-bit operand, it can be done with a single 
request and reply packet. Thus, fewer individual 
storage requests are required to process long oper- 
ands. This aspect of the protocol enables proces- 
sors to interface easily to 16-bit, 32-bit, or even 64- 
bit system buses. 
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This section describes the 19 signal lines that com- 
pose the Processor Packet bus and their timing rela- 
tionships. While this section defines all valid bus ac- 
tivities, the processors do not necessarily perform all 
allowed activities; nevertheless, slaves to the Proc- 
essor Packet bus must support all state transitions 
to ensure compatibility. 


The Processor Packet bus consists of three control 
lines: 


¢ PRQ (Processor Packet bus request) 
¢ Bout (Enable Buffers for Output) 
@ ICS (Interconnect Status) 
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Fault-Tolerant Alternatives 


PRQ has two functions whose use depends upon 


the application; for example, PRQ either indicates 


the first cycle of a transaction on the bus or the can- 
cellation of a transaction initiated during the previous 
cycle. Of the three control lines, BOUT has the sim- 
plest function, serving as a direction control for buff- 
ers in larger systems which require more electrical 
drive than the processor components can provide. 
The ICS signal has three different interpretations de- 
pending on the state of the Processor Packet bus 
transaction. It may indicate whether or not: 
e An interprocessor communication 
waiting, 
e A slave requires more time to service the 
processor’s request, or 
e A bus error has occurred. 


(IPC) is 
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The bus also includes 16 three-state Address/Con- 
trol/Data lines (ACD;5-ACDo). These lines emit in- 
formation to specify the type of cycle being initiated; 
transmit addresses, data to be written, and control 
information; and during a read operation, receive 
data returned to the processor. Details of the ACD 
operation are summarized in Figure 12. 


Address/Control/Data Lines 


In the first cycle (T1 or Tvo) of a Processor Packet 
bus transaction (indicated by the rising edge of 
PRQ), the eight high-order ACD bits (ACD;5—ACDg) 
specify the type of the current transaction. In this 


Initial State | Next State 


Trigger 


first cycle, the low-order ACD bits (ACD7—ACDp) 
contain the least significant eight bits of the 24-bit 
address. 

During the next cycle (T2), the remainder of the ad- 
dress is presented on the ACD pins, aligned so that 
the most significant byte of the address is on 
ACD,5-ACDg while the mid-significant byte is on 
ACD7-ACDpo. If PRQ is asserted during T2, the ac- 
cess is cancelled and the ACD lines are not defined. 


During the third bus cycle (T3 or Tw) of a Processor 
Packet bus transaction, the processor presents a 
high impedance to the ACD lines for read transac- 
tions and asserts data for write transactions. 
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Ti Bus cycle desired 
i No muse Cc fee desired 


TL __112___uneonediiong) 


ICS high 
ICS low 


Cancelled, Access Pending (Not generated by IP) 


Cancelled, No Access Pending 


Additonal transfer required, ICS high 
Additional transfer required, ICS low 

All transfers completed, no overlapped access 
Current write with overlapped access 


Ti No access pending 
T1 Access pending 
Tvo (| T2___| Unconditional 


TW Tw ICS low 
T3 ICS high 


Figure 12. Processor Packet Bus State Diagram 
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Once the bus has entered T3 or Tv, the sequence of 
state transactions depends on the type of cycle re- 
quested during the preceding T1 or Tvo. Accesses 
ranging in length from 1 to 32 bytes may be request- 
ed, although the IP will request no more than 8 bytes 


in a singie access (see Table 2). if a transfer of more | 


than one double byte has been requested, T3 must 
be entered for every double byte that is transferred. 
ICS dictates whether the processor simply enters T3 
or first enters Tw to wait. 


After all data is transferred, the processor enters ei- 
ther Tv or Tvo. Tvo can be entered only when the 
processor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, the 
ACD lines contain address and specification infor- 
mation aligned in the same fashion as T1. If the 
processor does not require an overlapped access, 
the bus state move to Tv (the ACD lines will be high 
impedance). After Tv, a new bus cycie can be initiat- 


(Ti). 


interconnect Status (ICS) 


As discussed earlier, ICS has three possible inter- 
pretations depending on the current state of the bus 
transaction (see Table 3). Even so, under most con- 
ditions ICS indicates whether or not an IPC is pend- 
ing; a valid low during any of these cycles with IPC 


ed with T1, or the processor may enter the idle state 
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significance signals the processor that an IPC has 
been received. While an iAPX 432 processor is only 
required to record and service one IPC or reconfigu- 
ration request at a time, logic in the interconnect 
system must record and sequence multiple (and 
possibly simultaneous) IPC occurrences and recon- 
figuration requests. Thus, the logic that implements 
ICS must accommodate global and local IPC arrivals 
and requests for reconfiguration as_ individual 
events: 


1. Assert IPC significance on ICS for the arrival of an 
IPC or reconfiguration request. 


2. When the iAPX 432 processor reads interconnect 
address register 2, it will respond to one of the 
status bits for the IPC or reconfiguration request sig- 
nalled on ICS in the following order: : 


BIT 2 (1=reconfigure, O= do not reconfigure) 
BIT 1 (1 =global IPC pending, 0=no global IPC) 
BIT 0 (1=Ilocal IPC pending, 0=no local IPC) - 


3. The logic in the ingerconnect system must clear 
the highest order status bit that was serviced by the 
iAPX 432 processor, and if an additional IPC mes- 
sage has arrived, the interconnect logic must signal 
an additional IPC to the processor by setting ICS 
high for at least one cycle and then setting ICS low 
for at least one cycle, while ICS has IPC signifi- 
cance. 


Table 2. ACD Specification Encoding 


Interconnect Space 


011-6 Bytes 
100-8 Bytes 
101-10 Bytes* 


110-16 Bytes* 
111-32 Bytes* 


* Not implemented 
01-Reserved 
10-Reserved 
11-Interconn 
Register 


Table 3. ICS Interpretation 


I, 


Ti, T1, T2 


ee ee 


| 


-73 : 171874-002 


MeN *. Ea >i > : 4 ging, 5A Spee f! 4 ip Se 
S sap i S pee beg. Koa = RN 


Processor Packet Bus Request (PRQ) 


PRQ is normally low and goes high only during T1, 
T2, and Tvo. High levels during Tvo and T1 indicate 
the first cycle of an access. A high level during T2 
indicates that the current cycle is to be cancelled. 
See Table 4. 


Table 4. PRQ interpretation 


Initiate access 
Continue access 


Cancel access 

Always 

Always 

Always 

Initiate overlapped access 


—-oO0o0o-0+9° 


Enable Buffers for Output (BOUT) 


Bout is provided to control external buffers when 
they are present. Table 5 and Figures 13 through 18 
show its state under various conditions. 


Table 5. Boyt Interpretation 


Low-to-High/| High-to-Low/| High-to-Low 

Transition | Transition | Transition 
Bot or Low or Low or High 
Write | T1, T2, T3, Tw, Tvo} Ti None Tv 
Read|T1, T2 Ti, Tv T3, Tw None 
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Processor Packet Bus Timing 


Each timing diagram shown on the following pages 
illustrates the timing relationships on the Processor 
Packet bus during various types of transactions. This 
approach to transfer timing allows maximum time for 
the transfer to occur and yet guarantees hold time. 


Any agent connected to the Processor Packet bus is 
recognized as either a processor (a GDP or IP) ora 
slave (e.g., the memory subsystem). 


In all transfers between a processor and a slave, the 
data to be driven is clocked for three-quarters of a 
cycle before it is sampled. This allows adequate time 
for the transfer and ensures sufficient hold time after 
sampling. The BOUT timing is unique because 
BOUT functions as a direction control for external 
buffers. 


Detailed set-up and hold times can be found in the 
AC Charcteristics section. 


NOMINAL WRITE CYCLE 
5 CLKA CYCLES | 


BOUT / \ f eS ee ee ee 


Mid-adr 
Lo-data1 
Hi-Z 
Hi-Z 
Lo-adr 
Mid-adr 


“Undefined if single byte write 
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Figure 13. Nominal Write Cycle Timing 
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MINIMUM WRITE CYCLE 
3CLKA CYCLES 
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ACD15...ACD9 aaaeaannane ADDR/SPEC ADDR WRITE DATA ADDR/SPEC ADDR WRITE DATA “== 


PRQ / \ / \ tne as! 
a 


BOUT / ti 


Lo-adr 
Mid-adr 
Lo-data1 
Lo-adr 
Mid-adr 
Hi-data1 Lo-data1 
*Undefined if single byte write 
**(Preceded by read cycle) 


ACD}5...ACDo see eunoeaeaae ADOR/SPEC ADDR WRITE DATA WRITE DATA Se eae uae eaneaaaas - 


BOUT / ° \ 2 


ACD45 ACDg | ACD7 ACDo | State | 


Hi-Z 
Lo-adr 
Mid-adr 
Lo-datat 
Lo-data2 
Lo-data2 
Hi-Z 
Hi-Z 


Ti 
T1 
T2 
T3 
Tw 
BK 


|Tv 


Ti 


Figure 15. Stretched Write Cycle Timing 
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. | MINIMUM READ CYCLE 
5 CLKA CYCLES 


| 1 | T2 | T3 | Tv | Tt | T 


ACD}5...ACD wenneannnnad ADDR/SPEC ( aor) wand READDATA )}aannncnncencnnnnd ADDR/SPEC 


BOUT / ' ‘, / 
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“Undefined if single byte read 


Figure 16. Minimum Read Cycle Timing 


| MINIMUM READ CYCLE (BUFFERED SYSTEM) | 
: 6 CLKA CYCLES 


eee ae tee to Ta ee es ie mn 
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Hi-Z 
Lo-adr 
Undefined 
Lo-adr 
Mid-adr 
Lo-data 
Hi-Z 
Hi-Z 
*Undefined if single byte write 
**Access Cancelled 
tNew Access Started (Slave must support this subsequent 
access even though all processors may not implement it.) 


Figure 18. Minimum Faulted Access Cycie 


ELECTRICAL CHARACTERISTICS 


Tables 6 through 8 and Figure 19 through 24 provide electrical specifications and include |/O timing, read/ 
write timing, and the maximum ratings for the IP. 


Table 6. 43203 Absolute Maximum Ratings 


Absolute Maximum Ratings 


Ambient Temperature Under Bias 0°C to 70°C 
Storage Temperature —65°C to + 150°C 
Voltage on Any Pin with Respect to GND —1Vto +7V 
Power Dissipation 2.5 Watts 


Table 7. iAPX 43203 DC Characteristics 
= 5V + 10% T, = 0°C to 70°C 


Clock Input Low Voltage 
Clock Input High Voltage 
Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Power Supply Current 
input Leakage Current 
Outut Leakage Current 
@0.45 Vol 
HERR 

FATAL 

ADi5...ADo 

OTHER 
@2.4 Von 


“For operation at 5 MHz or slower, the 43203 may be operated with a Viic minimum of 2.7 volts. 


Recah 
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Tabie 8. iAPX 43203 AC Characteristics 


5 + 10% 
0°C to 70°C 


Global Timing Requirements 


Clock Cycle Time 
Clock Rise and Fall Time 


Clock Pulse Widths 

INIT to Signal Hold Time 
Signal to INIT Setup Time 
INIT Enable Time 


Signal to Clock Setup Time 

Clock to Signal Delay Time 

Clock to Signal Hold Time 

Clock to Signal Output Hold Time 
Clock to Signal Output Enable Time 
Clock to Signal Data Float Time 


AD15...ADo, CS, WR, BHEN 
Setup Time to ALE Low 

AD15...ADo, CS, WR, BHEN 
Hold Time to ALE Low 

SYNC High Setup Time to 
CLKa High 

SYNC Low Hold Time to 
CLKa High 

SYNC High Pulse Width 


Write Data Setup to 
Sampling CLK, High 
Write Data Hold to Samplin 
CLK, Low (Advanced XACK) 
Write Data Hold to XACK 
AD;5...ADo, CS, WR, BHEN 
Setup to SYNC 


Loading: ADis. AD oss 6. oe ee ees 20 to 100 pF 
COUN 2 dlinind oc < pki hy 20 to 70 pF 


m MHz 
frm] omen [ue an [nM [nM [nt 
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Table 8. iAPX 43203 AC Characteristics (Continued) 


8 MHz 7 MHz 
| Symbol nese eer Min Max | Min Max 


Peripheral Subsystem Timing Responses > ts 


CLKa High to HLD, INT, PSR 
Valid ADi5...ADo, CS 
to Chip IWH1 Valid Delay 
OE to DEN Delay z 
OE to Enable AD;5...ADo ns ; 
Buffers Delay (Read Cycle) 
OE to Disable AD;5...ADo 
Buffers Delay (Read Cycle) 
CLKa High to Enable : | 
ADi5...ADo Buffers Delay Beater! 
CLKa High to Valid deere mea Th 
Read Data Dela : q 
OE Inactive to XACK 
Inactive Delay 
ADj45...ADg Disable 
Setup to DEN High 
XACK Low to DEN High 
(Write Cycle) __ 
CLK, High to DEN Low 


Buffered Accesses with XD = 0 
ALE High to XACK Valid 
AD; 5... ADg Read Data Valid 
Setup to XACK Valid 
(When internal state does not 
allow XACK before SYNC) 
Valid ADi5 ... ADp to XACK 
Valid (When Internal State 
allows XACK before SYNC) 


Buffered Accesses (with XD = 1 or 
XD = 2) or Random Accesses » 

tpsx AD 5 .:.ADg Read Data Valid 
Setup to XACK 


Faulted Accesses 
tsp. CLK, Low to NAK 
tsnx Setup of NAK to XACK 


NOTES: 


1. All timing parameters are measured at the 1.5V level except for CLKa and CLKg which are measured at the 1.8V level. 


2. 5 MHz components are marked CR43203-5; 7 MHz components are marked CR43203-7, and 8 MHz components 
CR43203-8. 


3. Write data is sampled for only one clock cycle. The PS must meet tpyx specification, thereby guaranteeing tpx. 
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Figure 19. 43203 Clock input Specification 
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Figure 20. 
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43203 Output Timing Specification 
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ACD15...ACD0 
(READ DATA 
TIMING) 


HARDWARE ERROR 
DETECTION INPUT 
TIMING AND INPUT 
TIMING FOR ALL 
INPUTS EXCEPT 
ACDi5...ACD9 
(ON 432 SIDE) 


171874-22 


Figure 21. 43203 Input Timing Specification 
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Figure 22. 43203 initialization Timing 
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INSTRUCTION SET 


Table 9 compares the operators available in the IP’s 
function set to those provided in the GDP’s instruc- 
tion set. Since windows are unique to Interface Proc- 
essors, the ALTER MAP AND SELECT OBJECT 
function has no counterpart in the GDP. Conversely, 
the IP has no functions for performing arithmetic op- 
erations (except for the atomic function INDIVISI- 
BLY ADD SHORT ORDINAL) or logical operations 
on numeric or character data types, nor does it have 
any operators to alter the flow of execution (e.g., 
branch or call functions). 


To the extent that these classes of operators are 
needed in a peripheral subsystem interface, they 
can be provided by a combination of the AP’s in- 
struction set and the IP’s window facility. By opening 
a window, for example, on a message received from 
a GDP process, the !/O controller can use. AP in- 
structions to test and branch on the value of a mes- 
sage filed read through the window. 


Through its windows, an IP provides the basic ability 
to read and write the contents of the data parts of 
objects. Using its function request facility, however, 
an IP can manipulate Access Descriptors (ADs), 
which reference objects. The IP can examine a com- 


iAPX 43203 


plex (multi-segment) object, gaining access to its 
component segments. It can also perform amplifica- 
tion on both hardware-recognized typed objects and 
software-recognized types. When manipulating ob- 
jects of a protected type, an I/O controller is acting 
as a type manager, and its objects must be coordi- 
nated with the 432 type manager for the object. 


The Interface Processor provides the I/O controller 
with both process and processor communication fa- 
cilities. Interprocess communication is asynchro- 
nous and is performed with the aid of ports, system 
objects that provide synchronization and message 


queues. Any object may be sent as a message from 


a process to a port. 


Interprocessor communication messages are prede- 
fined (see Table 10). The I/O controller can send 
one of these messages to an individual processor, 
or it can broadcast the message to all processors in 
the system. 


The IP also provides an optimized data passing facil- 
ity by using objects of type |P—Message and the 
OPEN MESSAGE and CLOSE MESSAGE opera- 
tors. 


Table 9. IP/GDP Operator Comparison 


Implementation 


WINDOW DEFINITION OPERATOR 
Alter Map and Select Object 


IP 


- ACCESS DESCRIPTOR MOVEMENT OPERATORS 


Copy Access Descriptor 
Null Access Descriptor 
Move to Embedded Data Value 


RIGHTS MANIPULATION OPERATORS 
Amplify Rights 
Restrict Rights 


GDP + IP 
GDP 
Similar 


GDP + IP 
GDP 


TYPE DEFINITION MANIPULATION OPERATORS 


Retrieve Type Definition 


REFINEMENT OPERATORS 
Create Refinement 
Create Typed Refinement 


OBJECT CREATION OPERATORS 
Create Object 
Create Typed Object 


ACCESS INSPECTION OPERATORS 
Inspect Access Descriptor 
Inspect Object 
Equal Access 
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GDP 


GDP 
GDP 


GDP 
GDP 


GDP + IP 
GDP + IP 
GDP 
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Table 9. IP/GDP Operator Comparison (Continued) 


Implementation 


ACCESS INTERLOCK OPERATORS 
Lock Object 
Unlocked Object 
Indivisibly Add Short Ordinal 
Indivisibly Add Ordinal 
Indivisible Insert Short Ordinal 
Indivisible Insert Ordinal 


CONTEXT OPERATORS 
Enter Environment 
Enter Global Environment 
Set Context Mode 
Adjust Stack Pointer 
Call 
Call through Domain 
Return 
Return and Fault 


PERIPHERAL SUBSYSTEM MODE OPERATOR 
Set Peripheral Subsystem Mode 


PROCESS COMMUNICATION OPERATORS 
Send 
Receive 
Conditional Send 
Conditional Receive 
Surrogate Send 
Surrogate Receive 
Delay Process 
Send Process 
Dispatch 
Set Process Mode 
Read Process Clock 
Open Message 
Close Message 


PROCESSOR COMMUNICATION OPERATORS 


GDP +IP 
GDP + IP 
GDP +IP 
GDP 
Similar 
GDP 


GDP + IP 
GDP + IP 
GDP 
GDP 
GDP 
GDP 
GDP 
GDP 


IP 


GDP + IP 
GDP + IP 
GDP + IP 
GDP + IP 
GDP + IP 


Se ere HS ae ae eo A a eee 
Woved . 
* or ; te 


~ Send to Processor GDP + IP 

Read Processor Status GDP + IP 
INTERCONNECT OPERATORS 

Move to Interconnect GDP* 

Move from Interconnect GDP* 
BLOCK—MOVE—OPERATORS GDP 
BRANCH OPERATORS GDP 
CHARACTER OPERATORS GDP 
SHORT-ORDINAL OPERATORS GDP 
SHORT-INTEGER OPERATORS GDP 
ORDINAL OPERATORS GDP 
INTEGER OPERATORS GDP 
SHORT-REAL OPERATORS GDP 
REAL OPERATORS GDP 
TEMPORARY REAL OPERATORS GDP 
GDP + IP IP and GDP implementations are identical. 
IP IP implements operator, GDP does not. 
GDP GDP implements operator, IP does not. 
similar While conceptually similar, IP implements operator differently than GDP. 


Window 1 of IP provides equivalent interconnect access. 


5-83 -471874-002 


Tabie 10. 


Palas ee short description of the message: 
NS Seeumtc oy, 0 Wakeup 
paere ee a 1 Start 
See: 2 Stop 
, 3 Accept Global IPCs 
4 Ignore Global IPCs 


Package 


a3 _ Additional Information 


More information about the iAPX 432 Micromain- 
frame architecture can be found in the following pub- 
lications: 


e iAPX 432 Interface Processor Architecture 
Reference Manual (Order Number 171863) 

e iAPX 432 General Data Processor Architec- 
ture Reference Manual (Order Number 
171860) 

e iAPX 432 Interconnect Architecture Refer- 
ence Manual (Order Number 172487) 
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The following list contains the Interprocessor Communication message codes in decimal along with a 


5 Requalify Object Table Cache 

6 Reset Processor 

7 Requalify Processor | 

8-14 Defined for GDP but ignored by IP 


) 


The 43203 is packaged in a 68-pin, leadless JEDEC type A hermetic chip carrier as shown below. 
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Information on the electrical characteristics of other 
432 components can be found in the following publi- 
cations: 


e iAPX 43201/43202 General Data Processor 
} Data Sheet (Order Number 590125) 
e jiAPX 43204/43205 Fault Tolerant Bus Inter- 
face and Memory Control Units (Order Num- 
ber 210963) 
e iAPX 43204/43205 BIU/MCU Electrical Spec- 
ifications (Order Number 172867) 
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M@ Software Transparent Detection And @ Single, Dual, and Quad Redundant 
Recovery From Any Single Point Failure Configurations Tailor System Designs 
| to Meet A Spectrum of Fault Tolerance 
HM Supports Up To 31 Processors For A tee 
Large Performance Range S And Cost Objectives 
: ; VLSI System Simplifies Design With 
— Configure From 1 To 8 Buses For High Low TTL Count 


Bandwidth And Fault Tolerance 
| — Dynamic RAM Refresh with Error i 
Correction and Scrubbing es 


The 43204 Bus Interface Unit (BIU) and 43205 Memory Control Unit (MCU) are two VLSI devices that support 
the construction of fault tolerant, multiple processor 432 systems. Together they support: multiprocessor ar- 
bitration, dynamic RAM control, and ECC with a minimal amount of TTL. Fault tolerant systems can be built 
that tolerate the failure of any single component or bus. The BIU and MCU detect the failure and automatically 
switch to a redundant processor, bus, or memory. Hardware failures are completely masked from application 
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Figure 1. A 2 Bus System with 2 General Data Processors and 1 !/O Subsystem. 
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INTRODUCTION 


The first phase of the iAPX 432 program introduced 
two processor types: the General Data Processor 
(GDP) and the Interface Processor (IP). The GDP 
was implemented with two VLSI components: iAPX 
43201 and iAPX 43202. The IP was implemented as 
a single VLSI component: the iAPX 43203. These 
three VLSI components implement the processor 
architecture for the iAPX 432. System builders have 
constructed multiple processor systems by sur- 
rounding the VLSI processors with discrete logic, 
which provided the interface to shared memory and 
the interprocessor communication paths. The meth- 
od for interconnecting iAPX 432 processors and 
memories was unique for each system, since no 
standard had been defined. 


This data sheet describes a pair of VLSI compo- 
nents: the iAPX 43204 Bus Interface Unit (BIU) and 
the iAPX 43205 Memory Control Unit (MCU) that 
form a unifying interconnect architecture for build- 
ing iAPX 432 systems. Together, these components 
form the basis for constructing multiple-processor 
fault-tolerant iAPX 432 systems. 


The iAPX 432 together with the BIU/MCU intercon- 
nect architecture provide: 


¢ Integrated fault tolerance. The VLSI interconnect 
components (BIU/MCU) integrate all the detec- 
tion and recovery logic required to build a system 
that can tolerate any single component failure. 


¢ Software transparent fault tolerance. Hardware 
performs all fault detection and recovery func- 
tions transparent to application software. The 
machine never stops. 


¢ Configurability. The BIU and MCU support a 
range of fault tolerance and performance options 
to meet a diverse set of cost, performance, and 
reliability needs. 


¢ Standard VLSI solution. Very little external logic is 
required. 
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¢ Reliable software. The iAPX 432 system's ‘‘need 
to know”’ (capability) addressing confines errors, 
_ protecting the system from errant software. 


The object-based architecture of the iAPX 432 pro- 
vides a robust and flexible environment for cooper- 
ating, concurrent software systems. The iAPX 432 
processors use a cooperating, self-dispatching 
mechanism to automatically share the workload be- 
tween the available processors. The number of pro- 
cessors available in the system is transparent to 
software. 


The BIU and the MCU extend the logical flexibility 
and robustness of the iAPX 432 processors into the 
physical implementation of iAPX 432 systems. The 
BIU and MCU allow the iAPX 432 hardware to modu- 
larly and transparently extend the processing power 
(from 1 to 63 modules of processors or memories), 
bus bandwidth (1 to 8 backplane buses), and fault- 
tolerant capabilities of the system. Figure 1 shows 
an example of a two bus three processor (2 GDPs + 
1 IP) system. 


As Figure 2 shows, an iAPX 432 system based on 
the interconnect architecture may be expanded 
gracefully. A system with one processor and one 
memory may be built with a single memory bus. 
Transparent multiprocessing may be achieved by 
simply adding processor modules. When additional 
memory is required, memory modules may be add- 
ed onto the single memory bus. When more memory 
bandwidth is required, an additional memory bus- 
(es) can be added. None of these alternative sys- 
tems require any change to application software. 


In an iAPX 432 system, each processor is unaware 
of the manner in which the memory address space is 
actually implemented. Hardware located in the BIUs 
determines how processor addresses are mapped 
to buses and memory systems. 
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ONE PROCESSOR MODULE 
ONE MEMORY MODULE 


EXPANDED NUMBER 
OF MODULES 


EXPANDED NUMBER 
OF BUSES 


Figure 2. Modular Expansion 


BUS INTERFACE UNIT 


The Bus Interface Unit or BIU provides the switching - 


function of the IAPX 432 interconnect system. That 
is, itaccepts access requests from an iAPX 432 pro- 
cessor and, based on the physical address, it de- 
cides which memory bus(es) will be used to perform 
the access. The BIU is also responsible for arbitrat- 
ing the usage of the memory bus. Finally, the BIU is 
responsible for propagating error information 
throughout the sytem. 


. MEMORY CONTROL UNIT 


The Memory Control Unit or MCU interfaces mem- 
ory storage arrays to the memory bus. The storage 
arrays will typically be constructed with high-density 
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dynamic RAM (DRAM) components. All types of 
DRAMs are supported: 16K, 64K, 256K, even par- 
tially good components. The MCU manages the 
storage array as a logical collection of 32 data bits, 7 
bits of error correcting code (ECC), and an optional 
spare bit. The MCU can automatically refresh the 
dynamic storage array. In addition, the MCU can 
scrub single-bit errors from the storage array as a 
background task. Scrubbing is accomplished by pe- 
riodically reading the storage array, correcting all 
single-bit errors, and detecting and reporting all 


- double-bit errors. The MCU accepts variable length 


data requests from the memory bus and performs 
the necessary access sequencing to read or write 


the data into the storage array. A modest amount of 


external logic is required to interface the MCU to the 
storage array RAMs — for simple configurations, as 
few as 12 external TTL packages are required. 
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MEMORY BUS 


The memory bus (sometimes referred to as the 
MACD bus) provides the principal communication 
path, carrying all memory access requests and in- 
terprocessor communication. The memory bus con- 
nects BIUs to MCUs. Each node in the interconnect 
system tracks each operation on the memory bus to 
which it is attached. Thus, unlike most bus proto- 
cols, each BIU and MCU keeps track of all outstand- 
ing requests on the bus — not just the ones made by 
the BIU or MCU itself. Control for the bus is fully 
distributed; there is no centralized bus controller. 


INTEGRATED FAULT TOLERANCE 


BIUs and MCUs also form the basis for building 
fault-tolerant iAPX 432 systems. Functional Redun- 


I ee ee ly me me SM awed Poe. fas ug 


REDUNDANT PROCESSOR MODULE 


MASTER CHECKER 


dancy Checking (FRC) provides the low-level hard- 
ware support on which hardware fault-tolerant 
modules are constructed. In Figure 3, notice that a 
redundant processor module is formed by replica- 
tion of the VLSI GDP and BiUs. A redundant mem- 
ory module is formed by duplicating the VLSI MCU. 
The unshaded GDPs, BiUs, and MCUs act as mas- 
ters. The shaded components act as checkers, 
which observe their master and report any disagree- 
ment they detect in the values the master produced. 


When any error occurs, a special error reporting 
network notifies all nodes in the system of the dis- 
crepancy. Figure 4 illustrates the flow of error infor- 
mation in the interconnect system. In phase 1, an 
error is detected at a node in the interconnect sys- 
tem. The example illustrates an error detected at 
BIU(2,1); i.e., the BIU on memory bus 2 in processor 


REDUNDANT MEMORY MODULE 


ARRAY 


CHECKER 


MASTER 


SQ = CHECKER 


¢ : Figure 3. FRC Configuration Pairing 
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PHASE 1 PHASE 2 PHASE 3 
BIU (2,1) DETECTS AND ALL NODES ON BUS 2 ALL NODES 
REPORTS AN ERROR KNOW ABOUT THE ERROR KNOW ABOUT THE ERROR 


Figure 4. Three Phase Error Reporting Mechanism 


module 1. The detecting component reports the er- 
ror to all components attached to the same bus (a 
bold line indicates an active error reporting path). At 
this point, if all error reporting nodes are intact, all 
nodes have received the error message. In phase 2, 
all components that received the phase 1 error mes- 
sage rebroadcast the message along their module 
paths. Finally, in phase 3, each component that has 
received an error message rebroadcasts the mes- 
sage along its bus path. This second rebroadcast 
ensures that all nodes receive the error message 
even if a single module or bus error report line has 
failed. At the end of phase 3, all interconnect compo- 
nents in the system have been informed of the error. 
The actual error reporting paths are separate from, 
but run parallel to, the MACD and ACD busses so 
that error reports may propagate even if a bus is in- 
operative. In addition, the reporting paths may be 
duplicated to remove any single-point dependency 
in delivering an error report. 


RECOVERY 


The recovery process begins after an error report 
message has been broadcast around the system. 
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Recovery is a distributed operation — each node in 
the system reads the error report message and de- 
cides what recovery actions need to be taken. 


For recovery to be successful, there must be redun- 
dant resources available in the system. There are 
three redundancy mechanisms in the BIU and MCU: 
bus retry buffers, ECC, and module shadowing. The 
first two are useful in recovering from transient er- 
rors, while module shadowing allows recovery from 
permanent errors. 


Figure 5 illustrates how every module in the system 
may be paired with another self-checking module of 
the same type. This pair of self-checking modules 
operates in lock step and provides a complete and 
current backup for all state information in the mod- 


ule. This mechanism is known as module shadow-- 


ing because a shadow is ready to fill in if the primary 
fails, or vice versa. Fault detection and recovery is 
performed totally transparent to both application 
and system software. When the recovery is com- 
plete, system software is notified that a failure oc- 
curred. Figure 6 shows sample module failures and 
automatic hardware recovery. 
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Figure 7. Bus Reconfiguration , 
A fault-tolerant module is also called a QMR module cally connected to both buses although logically 
(Quad Modular Redundant) because most compo- they are attached to only one bus at a time. During 
nents (except memory) are replicated four times. normal operation the buses run independently. Both 
There are two self-checking modules and each of contribute to the total memory bandwidth available 
these has a master and a checker. in the system. If a bus fails, the memory modules at- — : 
tached to that bus will automatically switch to the : 
other bus which is still operating. Figure 7 illustrates 
Each memory bus in the system may be paired with how the BIU and MCU reconfigure the system when i 
another memory bus. Memory modules are physi- _a bus fails. f 
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CONFIGURABLE FAULT TOLERANCE 


Figure 8 illustrates the range of alternatives avail- 
able to system designers when they build iAPX 432 
systems. The most fault-tolerant systems are built 
from a QMR configuration of processors that can 


tolerate any single component failure without crash- 


ing the system. BIUs and MCUs provide full hard- 
ware error detection and recovery transparent to 


_ software. 


The lowest cost configurations can be built using 
basic processor modules without FRC or QMR. This 
type of configuration will crash if a component fails, 
but can be made ‘‘self-healing’’ by adding intelligent 
software to the I/O subsystem. Unlike QMR, self- 
healing does not protect against system crashes, 
but it does allow the system to recover from a failure 
in a short period of time. The “‘healing’’ takes place 
in 3 steps. First, a watchdog timer in an I/O subsys- 
tem alerts 1/O subsystem software that the central 
system has failed. Second, the I/O subsystem 
checks BIU/MCU error logging registers and runs 
diagnostics to identify which resource (e.g., proces- 
sor, bus or memory) has failed. Third, the I/O sub- 
system reinitializes the system using the 


configuration contro! within the BIU and MCU to 


configure out the failed resource. The system is up 
and running without human intervention after only a 
short period of down time. 


The basic configuration is the lowest cost alterna- 
tive, but for some applications it is desirable to have 


a very high degree of confidence that calculations 
are performed correctly. AQMR system will do this 
since all components have a checker that alerts the | 
system whenever a mistake is made. However, a 
QMR configuration may be overkill for some appli- 
cations that can tolerate an occasional system fail- 
ure, as long as the computations are correct when 
they do complete. FRC configurations offer an alter- 
native in between the basic and QMR approaches. 
Adding a second set of checker components to each 
module improves the error detection capabilities of 
the system providing ‘‘high confidence’ computing. 
No single hardware failure will go undetected and 
corrupt the results of a critical computation. FRC in- 
sures that any error is caught before it can propa- 
gate to another module in the system. FRC alone 
does not provide automatic hardware recovery like 
a QMR system, but it does detect errors as soon as 
they occur so that the system does not become cor- 
rupted. It is then the responsibility of system soft- 
ware to implement a ‘self-healing’ strategy where 
the faulty resource is disabled and the system reini- 
tialized. 


The software configurability of a BIU/MCU system 
allows a system to use a combination of the above 
strategies. For example, software can configure a 
system as a full QMR system in the morning for criti- 
cal applications, and then switch to an FRC only sys- 
tem in the afternoon. This doubles the system 
throughput (twice as many processors are working 
in parallel) without making any hardware changes. 
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FAULT-TOLERANT SYSTEM DESIGN SUMMARY 


RESPONSIBILITIES 


The interconnect architecture and the VLSI compo- 
nents provide a stable base for developing fault- 
tolerant iAPX 432 systems. The iAPX 432 intercon- 
nect components address the issues concerning 
fault tolerance which are encountered when con- 
_Structing the iAPX 432 central system. A number of 
system-wide issues remain the responsibility of the 
iAPX 432 system designer. These issues include: 


e A fault-tolerant I/O system 


¢ Fault-tolerant power supplies and distribution 
method 


¢ A fault-tolerant method for clock generation and 
distribution 


e The electrical and physical provisions for on-line 
repair 


The iAPX 432 interconnect architecture provides a 
standard VLSI method for constructing multiple pro- 
cessor VLSI computer systems. The iAPX 432 inter- 
connect architecture is implemented by a pair of 
VLSI components, the Bus Interface Unit (BIU) and 
the Memory Control Unit (MCU). Together with iAPX 
432 processors, these components permit the con- 
struction of modular, extensible, multiprocessor 
computer systems. The components are designed 
to support the construction of fully fault-tolerant 
iAPX 432 systems. However, there is no penalty in 
performance or in cost for those applications that do 
not require fault tolerance. 


The 432 fault-tolerant mechanisms are designed to 
provide a flexible and complete solution to the prob- 
lems of fault-tolerant hardware. For basic systems 
(those without checkers for error detection or QMR 
for recovery), a user may decide to use only a few 
detection mechanisms and provide recovery only 
for transient errors. This functionality comes at no 
additional cost in the VLSI interconnect system. To 
reduce maintenance cost and increase system . 
availability, a system may use all of the detection 
mechanisms (i.e. may add checker components) but 
may not add any extra recovery capability (i.e. may 
not marry self-checking modules into a fault-tolerant 
QMR module). Continuous operation is available to 
the user who adds the extra recovery capabilities. 


None of the fault-tolerant mechanisms reduce sys- 
tem performance. Systems that do not require the 
highest level of fault tolerance are not penalized in 
any way (cost, size, or performance) for the unused 
fault-tolerant capabilities. Increased levels of fault 
tolerance are achieved by replicating the iAPX 432 
VLSI components. The hardware fault tolerance in 
the iAPX 432 is transparent to application software. 
The system's fault-tolerant capabilities may be 
changed without any changes to the application 
software system. 
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Figure 9. 43204 Pin Configuration 


ACD Memory <—=> MACD(15..0) 
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Figure 10. iAPX 43204 BIU Logic Symbol 
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Table 1. iAPX 43204 BIU Pin Description 


|_Symbol__| Type | | Name and Function 


Memory Bus Group 


MACD15 1/O* These 16 bidirectional signals carry physical memory addresses, control in- 
. MACDO formation (access length and type), and data to and from the memory bus. 


CHK1..CHKO These 2 bidirectional signals carry parity bit check information which de- 
tects errors in transfers on MACD15 ... MACDO and CTL2..CTLO. The 2 
parity check bits are computed to satisfy the following equations (X = Ex- 
clusive OR): 


MACD15 X MACD13 X MACD11 X MACD9 X MACD7 

X MACD5 X MACD3 X MACD1 X CTL1 X CHK1 = 0 
MACD14 X MACD12 X MACD10 X MACD8 X MACD6 
X MACD4 X MACD2 X MACDO X CTL2 X CTLO X CHKO = 1 


The BIU and MCU generate and check even parity (an even number of ones) 
across the 10 odd-numbered MACD, CTL, and CHK signals, and odd parity 

(an odd number of ones) across the 11 even-numbered MACD, CTL, and 
CHK signals. 


CTL2. .CTLO \/O* The 3 MACD bus control signals carry a code that controls the sequencing 
of the memory bus. 


MBOUT iO" MBOUT controls the direction of external buffers for the MACD, CHK, and 
CTL signals. When MBOUT is asserted, it indicates that the buffers must be 
directed to carry information outbound from the component to the memory 
bus. 


| BERLOUT BERLOUT supplies bit-serial bus error messages when the component de- 
tects a memory bus error, a storage array error, or a memory module error. 


BERL1, BERL1 and BERL2 are duplicate paths on which the component receives 
BERL2, bit-serial bus error messages from the memory bus. When duplicated paths 
are not required, these two pins must be supplied with the same bus error 

report information. — 
| BCHK BCHK provides a mechanism which checks that external buffers are operat- 


ing. BCHK is toggled once each clock cycle by the component that is driving 
it. Inan FRC pair, the master component drives BCHK. The checker compo- 
nent in the FRC pair receives BCHK. Routing BCHK from the master com- 
ponent, through one buffer in each external buffer package, and to the 
checker component, forms a serial network. If the oscillating BCHK signal 
fails to traverse the external buffer network, the buffer path is suspect and a 
bus error will be signalled. Buffer checking can be disabled by interconnect 
register programming. 
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Table 1. iAPX 43204 BIU Pin Description (Continued) 


|_Symbot__| Type | Name and Function 


Memory Bus Arbitration cu 


‘ = 


e 


NREQOUT 


The CONT input indicates if the external arbitration network has detected 
that two or more Simultaneous requests have been made for the use of the 
memory bus. When contention is indicated, all contending components will 
perform a binary arbitration sequence (based on each component's unique 
6-bit module ID) to decide which component will be granted first use of the 
memory bus. 


The RQ input indicates if any agent is requesting the use of the memory bus. 
There are three valid combinations for RQ and CONT: 
RQ CONT interpretation 


1 1 No request , 3 
0 1 One BIU is making a request 
0 0  Twoormore BiUs are making a request 


The MCU does not generate any memory bus requests. The MCU tracks the 
action of RQ and CONT, and the CTL(2 . . 0) signals to determine when ith is 
allowable to use the memory bus to reply to a request. 


When asserted, RQOUT signals that the component requires the use of the 
memory bus. RQOUT is intended to drive an external open-collector invert- 
er which is wire-ORed to form a combined RQ line. The RQOUT signal from 
all BIUs attached to a memory bus must be logically combined to form a con- 
tention signal. (Contention occurs when two or more BIUs issue RQOUT si- 
multaneously). The logic to detect contention among BIUs must be supplied 
by the customer. 


The NREQOUT signal indicates that the component has received a new re- 
quest from its associated processor. NREQOUT is intended to drive an ex- 
ternal open-collector inverter, which is wire-ORed (with the same signal 
from other BIUs on the memory bus) to form NREQ. 


NREQ is an input that signals the beginning of a new time-ordered request 
cycle in which a request from one or more processors must be managed. 
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MERL 


Table 1. iAPX 43204 BIU Pin Description (Continued) 


__Symbot__| Type _| Name and Function 


Module Group 


The MERL input accepts bit-serial module error messages. See the 
BERLOUT pin description for the format of the serial error messages. 


MERLOUT The MERLOUT output broadcasts bit-serial module error messages to all 
| BIUs contained within the same module (attached to the same processor). 
MMAL operates in the same manner as MMAH except that when MMAL is 


asserted it indicates that the lower addressed portion of a multiple module 
access is in progress on the memory bus. 


The two BlUs that are cooperating in a multiple module access observe both 
MMAH and MMAL. Both signals are deasserted after each BIU has com- 
pleted its portion of the access on the memory bus to which it is connected. 
In read accesses, after both signals are deasserted, the BIU with the lower 
addressed portion of the access presents data to the processor first. The 
BIU with the higher addressed portion of the access tracks the other BIU by 
counting the number of bytes returned to the processor (noting ICS, Inter- 
connect Status, see below). When the BIU with the lower-addressed portion 
of the access completes its transfer, the next BIU begins automatically. Mul- 
tiple module read accesses which begin at an odd addressed byte boundary 
cause the two cooperating BiUs to simultaneously return data to the pro- 
cessor. At the address boundary for which they share access responsibility, 
the low BIU returns its last byte on ACD7 . . ACDO, and the high BIU returns 
its first byte on ACD15 . . ACD8. 


After MMAH and MMAL have been deasserted, one (or both) of the BIUs 
may reassert the signals, each to indicate that its portion of the multiple 
module access encountered an error. This indication will be returned to the 
processor during error significance time for ICS. 


When asserted, MMAH indicates that one of the BIUs in a module is per- 
forming the high order address part of a multiple module access. A multiple 
module access occurs when a processor request spans an address range 
such that two memory buses, each connected via a different BIU must be 
engaged. When it is deasserted, MMAH indicates that the high portion of the 
access has been completed on the memory bus. 
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Table 1. iAPX 43204 BIU Pin Description (Continued) 


|_Symbol__| Type _ Name and Function 


ACD Bus Group The ACD Bus Group contains the set of signals with which a compatible 
iAPX 432 processor connects to the BIU. See the iAPX 43201/43202 Gener- 
al Data Processor Data Sheet (Order Number 590125) and the iAPX 43203 
Interface Processor Data Sheet (Order Number 590130) for information 
about compatible iAPX 432 processors. 


ACD15 1/0 These 16 signals form the processor-to-BIU communication path that car- 
. ACDO ries all memory and interconnect accesses. 
eer PRQ indicates the start of a processor request to the BIU. 


sseeeieest ICSOUT is intended to drive an external open-collector inverter to form ICS. 


All BIUs in a processor module contribute to the wired-OR ICS signal. 
a ICS supplies interconnect status to both the BIU and its associated iAPX 
CLRPUOUT be 


432 processor. ICS carries information on errors, data synchronization, and 
interprocessor communication to the processor. It is also monitored by 
System Group 
VCC2..VCCO0 
connected. The three VCC pins are not connected together inside the 
component. 


each BIU for coordinating multiple module accesses. 

VSS2..VSS0 Three VSS pins provide ground to the BIU/MCU. All three pins must be 
connected. The three VSS pins are not connected together inside the 
component. 


CLRPUOUT is intended to drive an open collector inverter and form a wired- 
OR CLR signal to the associated iAPX 432 processor. All BIUs in a proces- 
sor module contribute to the wired-OR CLR signal. Using CLRPUOUT, a 
BIU can synchronize the FRC master and checker processor components. 


Three VCC pins supply 5-volt power to the BIU/MCU. All three pins must be 


CLKB CLKB is a square-wave clock for the BIU/MCU. CLKB is the same frequen- 
cy as CLKA but lags CLKA by 90 degrees. CLKB must operate continuously — 
to preserve the operating state of the component. | | 


INIT nee INIT is a signal that causes the BIU/MCU to initialize. In addition, INIT is used 


to enable external logic which provides configuration information to the 
component. 
Legend: Input signal 
Output signal 


Input/Output signal 

FRC errors cause module error 

FRC errors cause bus error 

External passive pullup required (10K Ohms) 
Asserted low 
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CLKA CLKA is a square-wave clock for the BIU/MCU. CLKA must operate x 
continuously to preserve the operating state of the component. : 
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Figure 11. 43205 Pin Configuration 


Start 19..0) Storage Memory <—»> MACD(15..0) 
ABCHK 
WE 
DEIN 
REFRESH 
iAPX 43205 
MCU <— BCHKIN/M 
— > BUSSEL 
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Figure 12. iAPX 43205 MCU Logic Symbol 
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MACD15 1/O* 
.. MACDO : 


CHK1..CHKO 


a 


BERLOUT ced 


BERL1 
BERL2 


: 


BCHKIN/M . 


| Symbol__| Type Name and Function 
Memory Bus Group | 


-across the 10 odd-numbered MACD, CTL, and CHK signals, and odd parity 


CTL2..CTLO 1/O* The 3 MACD bus control signals carry a code that controls the sequencing 
of the memory bus. : 


Table 2. iAPX 43205 MCU Pin Description 


These 16 bidirectional signals carry physical memory addresses, control in- 


~ formation (access length and type), and data to and from the memory bus. | 


These 2 bidirectional signals carry parity bit check information which de- 
tects errors in transfers on MACD15 .. MACDO and CTL2..CTLO. The 2 
parity check bits are computed to satisfy the following equations (X = Ex- 
clusive OR): 


MACD15 X MACD13 X MACD11 X MACD9 X MACD7 
X MACD5 X MACD3 X MACD1 X CTL1 X CHK1 = 0 

MACD14 X MACD12 X MACD10 X MACD8 X MACD6 

X MACD4 X MACD2 X MACD0O X CTL2 X CTLO X CHKO = 1 


The BIU and MCU generate and check even parity (an even number of ones) 


(an odd number of ones) across the 11 even-numbered MACD, CTL, and 
CHK signals. 


MBOUT controls the direction of external buffers for the MACD, CHK, and 
CTL signals. When MBOUT is asserted, it indicates that the buffers must be 
directed to carry information outbound from the component to the memory 
bus. 


BERLOUT supplies bit-serial bus error messages when the component de- 
tects a memory bus error, a storage array error, or a memory module error. 


BERL1 and BERL2 are duplicate paths on which the component receives 
bit-serial bus error messages from the memory bus. When duplicated paths 

are not required, these two pins must be supplied with the same bus error | 
report information. | 


BCHK provides a mechanism which checks that external buffers are operat- 
ing. BCHK is toggled once each clock cycle by the component. By routing 
BCHK through one buffer in each external buffer package to BCHKIN/M, a 
serial network is formed. If the oscillating BCHK signal fails to traverse the 
external buffer network, BCHKIN/M will detect the error and signal a bus er- 
ror. The BCHK signal does not toggle when the component is being initia- 
lized by either the INIT signal or an internal initialization request. Buffer 
checking can be disabled by a parameter acquired by the MCU during initial- 
ization. The MCU will disable buffer checking after it detects a permanent 
module error. 


BCHKIN/M checks the oscillating BCHK signal after it has been routed 
through each of the external buffers for the memory bus. If any errors are 
detected, a module error will be signalled. During initialization, the BCHKIN/ 
M pin accepts the MASTER information. If it is high during initialization, then 
the component will become the master of an FRC pair of components; 
otherwise it will become a checker. 
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Table 2. iAPX 43205 MCU Pin Description (Continued) 


Gi eee [type [Sy NameandFunction ng Fk 


Memory BusGroup 
BUSSEL 


BUSSEL controls which of two memory buses (normal or backup) the MCU 
is to use. The middle bit of an internal 3-bit normal bus identifier (ID) is logi- 
cally combined with,an internal bus state code to produce BUSSEL. The bus 
state code records the state and health of both the normal and backup bus- 
es. When the component switches to an alternate bus (changes the bus 
state code), BUSSEL is changed accordingly. 


Memory Bus Arbitration Group 


RQ : 


The CONT input indicates if the external arbitration network has detected 
that two or more simultaneous requests have been made for the use of the . 
memory bus. When contention is indicated, all contending components will 
perform a binary arbitration sequence (based on each component's unique — 
6-bit module ID) to decide which component will be granted first use of the 
memory bus. ’ 


The RQ input indicates if any agent is requesting the use of the memory bus. 
There are three valid combinations for RQ and CONT: 
RQ CONT interpretation 


1 1 No request 
0 1 One BIU is making a request 
0 0  Twoor more BIUs are making a request 


The MCU does not generate any memory bus requests. The MCU tracks the 
action of RQ and CONT, and the CTL(2 . . 0) signals to determine when it is 
allowable to use the memory bus to reply to a request. 


Storage Array Group 


SLAD19. . \/O* 
SLADO 
ee 


; : 
eee ce 


The 20 SLAD signals form the communication path between the MCU and 
its associated storage array. The SLAD bus multiplexes addresses to the 
storage array with data (32 bits) and ECC (7 bits) which are to be read from 
or written to the array. 


When RAS is asserted, it indicates the start of a storage array cycle. RAS 
may combine with external sequencing logic to control the operation of the 
storage array. 


ABCHK is an input used to verify the external RAM control logic. WE and 
CAS are used to generate the ABCHK signal. In addition, the functionality 
of the external buffers associated with the storage array may be validated by 
routing the oscillating BCHK signal through each of the buffers in a similar 
manner as on the MACD bus side of the MCU. If an error is detected, 
ABCHK can be corrupted and in this fashion report the error. An alternate 
method of checking the storage array buffers is to use buffer packages with 
no more than four buffers per package so that the special ECC protection in 
the MCU may detect buffer failures. 


When WE is asserted, the MCU indicates that a write operation is to be per- 
formed in the storage array. | 
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Tabie 2. iAPX 43205 MCU Pin Description (Continued) 


| Symbol | Type Name and Function 


Memory Bus Arbitration Group 


When DEIN is asserted, the MCU indicates that the SLAD19 . . SLADO sig- 
nals are ready to accept information from the storage array into the MCU. 


When REFRESH is asserted the MCU indicates that the storage array cycle 
is a refresh cycle. In systems with multiple bank dynamic RAM storage ar- 
rays, the REFRESH signal may be used to command the storage array 
sequencing logic to perform an appropriate cycle (e.g., RAS-only refresh for 
all banks). In a storage array with a-single bank of dynamic RAMs the 
REFRESH signal need not be used. 


REFRESH 


System Group 
VCC2..VCCO 


Three VCC pins supply 5-volt power to the BIU/MCU. All three pins must be 
connected. The three VCC pins are not connected together inside the 
component. 


VSS2..VSSO Three VSS pins provide ground to the BIU/MCU. All three pins must be 
connected. The three VSS pins are not connected together inside the 

| component. 

CLKA CLKA is a square-wave clock for the BIU/MCU. CLKA must operate con- 
tinuously to preserve the operating state of the component. 

CLKB CLKB is a square-wave clock for the BIU/MCU. CLKB is the same frequen- 
cy as CLKA but lags CLKA by 90 degrees. CLKB must operate continuously 
to preserve the operating state of the component. 

INIT een INIT is a signal that causes the BIU/MCU to initialize. In addition, INIT is used 


to enable external logic which provides configuration information to the 
component. 
Legend: a Input signal 
Output signal 


Input/Output signal 

FRC errors cause module error 
FRC errors cause bus error 
Asserted low 


re 


ae 
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BIU signals MACD15 . 


000010 11 


| na Unclassified memory access (other) 
Length (4 Bytes) 


Not a read-modify-write operation 
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IAPX 43204 FUNCTIONAL DESCRIPTION 


This section describes how the iAPX 43204 Bus 
Interface Unit operates through a set of functional 
diagrams that trace the operation of the pins clock- 
by-clock. To understand the notation on the various 
waveforms, refer to Figure 13. It illustrates the gen- 
eral operation of the BIU as it accepts a memory 
read request from a processor, forwards the request 
to a Memory Control Unit (MCU), and returns the 
reply data to the processor. 


The cycle numbers (0, 1, 2, .. . ) at the top of each 
diagram enumerate the clock cycles. When a com- 
mon group of signals is plotted, its value is dis- 
played inside a data waveform. For example, the 
. MACDO are all high in 
cycles 0 through 4. In cycle 5, the MACD bus Carries 
the value 0300H and in cycle 6 the value OOOOH. 


Notice that in Figure 13, the BIU receives a proces- 
sor request (PRQ) in cycle 0. The ACD bus carries 
the information OBOOH in cycle 1 (the specification 
field on the high-byte and addresses A7 ... AO on 
the low-order byte) and OOOOH in cycle 2 (the 
address bits A23 . . . A8) for the access. Reorganiz- 
ing the information, it is apparent that the BIU has 
been provided a processor request with a specifica- 
tion field of OBH and a 24-bit physical address of 
OOOO00H. Referring to the GDP or IP data sheets, the 
specification field can be decoded as follows: 


Binary version of OBH | 


‘Read operation 
Memory access 


Once the processor has presented the request to 
the BIU, the BIU presents ICS (Interconnect Status) 
to the processor indicating that the processor is to 
wait for the data to be returned by the BiU and the 
memory system. In cycle 4, the BIU issues the 
NREQOUT signal (not shown) and observes NREQ 
and RQ immediately. Though not shown, no con- 
tention with any other processor is observed on the 
CONT pin. In cycle 5, the BIU asserts MBOUT to 
control its external TTL buffers to drive the memory 
bus and presents a two-cycle memory read request 
message. The MACD bus carries the memory bus 
specification code (high-order byte) and the physi- 
cal memory address bits (A7 . . . AO) incycle 5, and 
the remaining 16 address bits (A23 . . . A8) in cycle 
6. Referring to the Memory Bus appendix of the 
Interconnect ARM, the memory bus specification 
field of 03H is decoded as follows: 


In cycles 10 and 11, the MCU that serviced the 
request presents the data that it read from the stor- 
age array, least significant bytes first. The returned 
bytes in the example are: 2AH, 03H, 9AH, 8CH. In 
cycles 15 and 16, the BIU presents the same data to 
the processor and indicates the availability of each 
byte with ICS. 


Binary version of 03H 


LLLL code for length of 4 bytes 
Memory read operation 


Figure 13. 4-Byte Memory Read 
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Figure 14. Hardware Configuration for Memory 
Read/Write Exampies 


Figure 15 illustrates the steps that occur when a 


processor requests a 4-byte write at physical mem- 
ory address 0. The hardware system for this exam- 
ple includes one processor, one BIU, one memory 
bus, one MCU, and one storage array (see Figure 
15). In cycle 0, the processor emits the processor 
request signal (PRQ=1) along with the specification 
field and the low-order address byte on the ACD 
signals. The specification field (high-byte of the first 
double-byte) in this example is 4BH and the low- 
order address byte (low-byte of the first double- 
byte) is OOH. In cycle 1, the processor emits the 
high- and mid-order address bytes on the ACD 
signals. In this example, the high- and mid-order 
address ;bytes are OOH. The BIU deasserts |CSOUT 
(not shown) which, after an external logical inver- 
sion, provides the ICS signal (Interconnect Status) 
to the processor. The deasserted ICS is used to 
stretch the processor access cycle (generate wait 
states). The processor presents the first double- 
byte of data to be written in cycle 4, but because ICS 
is deasserted, the processor must stretch the data 
into cycle 5 before the BIU will accept it. In cycle 5, 
the processor provides the second double byte of 
data to be wirtten (OOOOH). Notice that the BIU 
deasserts ICS to hold the processor until the entire 
request is actually satisfied by the MCU and 
memory array. 
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In cycle 4, the BIU presents the request to the 
memory bus arbitration logic. Since only one pro- 
cessor is in the system, the NREQ (output) and RQ 


_input signals are asserted but no contention (CONT 


signal is not shown) is detected. Thus, the write 
access proceeds immediately to the memory bus 
(MACD, CTL, and CHK signals). In cycles 5 through 
8, MBOUT is asserted by the BIU to direct external 
buffers to pass the BIU request to the memory bus. 
The first two double-bytes of the request contain a 
specification byte and three address bytes. The 
information in these two double-bytes is a modified 
version of that received from the processor ACD 
bus. The high-order byte of the memory address is 


contained in the low-order byte of the first double- 
byte. The mid- and low-order bytes of the memory 
address are contained, respectively, in the high- 
order and low-order bytes of the second double 
byte. MBOUT remains asserted while the two 
double-bytes of the write request are provided by 
the BIU. The MCU performs the access and returns 
a write reply (CTL=6) in cycle 10. The BIU asserts 
ICS for the processor in cycle 14, allowing the pro- 
cessor to escape from the stretched write cycle that 
it had entered earlier. In this case, no error occurred 
during the access. However, had there been an 
error, the level of ICS in cycle 15 would indicate the ~ 
error to the processor. ts 
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Figure 15. 4-Byte Memory Write 
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Figure 15. 4-Byte Memory Write (continued) 


MULTIPLE MODULE ACCESS READ— 
2-WAY INTERLEAVING 


The Figures 16 and 17 illustrate the interconnect 
system's ability to support interleaving of memory 
requests among two memory busses. The hardware 
configuration pictured in Figure 16 contains one 
processor, two BlIUs, two memory busses, two 
MCUs, and two storage arrays. The two BIUs are 
initialized to perform 2-way interleaving of memory 
requests based on bit 6 of the physical address that 
the processor provides. Specifically, that portion of 
a request with bit 6 of the physical address equal to 
zero is serviced by memory bus 0. That portion of a 
request with bit 6 of the physical address equal to 
one is serviced by bus 1. 


In the example that follows, an 8-byte read at physi- 
cal memory address 00003DH is requested. As Fig- 
ure 16 indicates, the two BIUs each recognize the 
portion of the request that is supported by the bus to 
which they are connected. The BIU on bus 0 (BIUO) 
services the first 3 bytes of the access (O3DH... 
O3FH) and the BIU on bus 1 (BIU1) services the 
remaining 5 bytes (040H . . . 044H). In the interleav- 
ing process, the BIUs reorder the physical address 
bits, based on the selected interleaving, to present 
requests to the MCU in a linear address space. A 
BIU transforms its portion of the request by replac- 
ing address bit 23 of the physical address with 
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address bit 6, and shifting original address bits _ 
23... 7 tothe right by one position. The reordered — 


result (6,23... 7,5... 0) is forwarded+to the respec- 
tive memory bus. The BIU1 translation of physical 
address 000040H to memory bus 2 address 800000H 
illustrates the address interleaving operation. 


Figure 16. Hardware Configuration for MMA Read : 
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Referring to Figure 17 for this operation, notice that 
the processor emits its request just as in earlier 
examples. However, in this case, two BIUs recog- 
nize that they each must participate in the request. 
Thus, BIUO asserts MMAL and BIU1 asserts MMAH 
indicating that a multiple module access is required 
to complete this access. The two BIUs then present 
their requests to their respective memory busses 
__ after performing the address interleaving as des- 

cribed above and each access continues independ- 


ently. Once both accesses have completed, the 
BiUs cooperate to return the data to the processor. 
BIUO provides the first 3 bytes and BIU1 returns the 
final 5 bytes. Notice, in cycle 23, that BIUO provides 
the low byte (25H) and BIU1 provides the high-byte 
(F5H). Thereafter, BIU1 provides its remaining bytes 
with the byte significance that is required by the 
processor. By this cooperation, the processor is 
unaware that two BIUs were involved in the opera- 
tion. 
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Figure 17. Multiple Module Access Read—2-Way interleaving 
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Figure 17. Multiple Module Access Read—2-Way Interleaving(cont) 


MULTIPLE MODULE ACCESS WRITE— 
2-WAY INTERLEAVING 


The following multiple module access is also per- 
formed on the same hardware configuration shown 
in Figure 16 with modified interleaving characteris- 
tics. In this case, the system is initialized with 2-way 
interleaving on address bit 7 (see Figure 19). There- 
fore, the 8-byte multiple module access write to 
physical address 00007DH is transformed into two 
memory bus requests: bytes 000040H . . . 000044H 
on bus 0 and bytes 80003DH . . . 80003FH on bus 1. 
Again, the MMAH and MMAL signals coordinate the 
multiple module access and each bus operates 
independently (see Figure 20). 


Figure 18. Hardware Configuration for MMA Write 
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Figure 19. Multiple Module Access Write—2-Way Interleaving (Continued) 
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Figure 20 illustrates the signaling of a global inter- value (00H) to the IPC interconnect register dt 


processor communication message (IPC). The IPC 02H) in the associated BIU. In cycle 0, the proc Wa 
is called a bus blurb since it is broadcast to all BIUs emits a specification field (C7H). In cycles 0 and 1 ie ae oak 


on the memory bus but does not require that any the processor provides the interconnect addres 
replies be generated. The delivery of the message is (000002H). In cycle 2, the processor provi ‘the 
guaranteed by. a memory-based communication destination processor ID (O000H represents 

object; the bus blurb only serves as the low-level cessors, the global ID). Notice that the BIUs 
notification. A programmer invokes a global IPC by the processor (ICS=0) until the delivery of the sae, 
the instruction BROADCAST TO PROCESSORS. IPC is completed (cycle 10). ne 


The processor performs the instruction by writing a 
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Figure 20. Global Interprocessor Communication (IPC) Bus Blurb 
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aicesies| the process of i detestine and common to all errors that are detected by the inter- 
ceca bus easbed error es the serial connect system. The error reporting paths for this 
example are illustrated in Figure 21. . 
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Figure 21. Hardware Configuration for Error Reporting 
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PHASE 1—DETECTING AND REPORTING 
THE PARITY ERROR ON BERL 


In cycle 3, bit 1 of the memory bus (MACD signals) is 
corrupted with a zero causing the MACD data to 
change from FFFFH to FFFDH. This causes a parity 
error on the memory bus that must be reported to 
the interconnect system. The reporting process 


begins in cycles 5 and 6 when the BERL1 signal. 


2 
ra ; 1 
010000000000101 
s eeee bbb mmmmmm p 
3210 210 543210 , 
0 1000 000 000010 1 


~~ 


The error report codes are described in the iAPX 432 
Interconnect Architecture Reference Manual, order 


PHASE 2—BROADCASTING THE ERROR 
ON MERL 


Once the full serial message has propagated along» 


the memory bus, each BIU that received it repeats 
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sage is propagated along the bus error r repo ‘ 7 
associated with bus 0. The message sent is i m- Ke 
plement of the levels on the BERL1 signals): jis Son aaa 
2 Oe ps F el he 
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rae 4 


Cycle numbers gt cree 
Binary serial error message on BERL1. PATH 


Parity bit : 

Module number 

Bus number 2g ie phrte Semi ae orem 
Errorcode — sic, Aas Sse 
Sequence so es ee 


as 172487 (see BIU Register 00—Ehror 
Log). 


(MERL1 and MERL2). This time, the error. 10) 
message is: ean 


Cycle numbers 
Reformatted serial error report message 


Reformatted serial’error report message 


Parity bit 
Module number 
Bus number 
Error code 
Sequence 
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PHASE 3—REBROADCASTING THEERROR _ — 
en ALL BERL PATHS 


2 In cycle 42, the message is again rebroadcast, this 
time along all the bus error report line paths. The 


Oe ee 
Se ee es. Sees 8 Cycle numbers 
~_ 119000000000100 Binary serial error message on BERL1.PATHO ~ 


s eeee bbb mmmmmm p 
3210 = =210 543210 | ; 


: as 1000 000 000010 +O Reformatted serial error report message © 


Parity bit 
Module number 
Bus number 
Error code 
Sequence 


“Once this three-step reporting process is com- 
aes. all modules have been informed of the error. 
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Figure 22. MACD Corruption Causing Parity Error (continued) 
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Figure 22. MACD Corruption Causing Parity Error (continued) 


iAPX 43204, 43205 


Se lies: 6 eS Se a A 
‘des Eagle Sage sr oe a es Oe Be 
Has Soo Bia ace ine aed eae God eh ae es ER ee 

eaaeeeee Sooo 
oo oe aaa oe oe 


MERL.MODULE1 
MERL.MODULE2 


BERL1.BUSO 


BERL1.BUS1 


Figure 22. MACD Corruption Causing Parity Error (continued) 


Figure 22. MACD Corruption Causing Parity Error (continued) 
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TEST DETECTION COMMAND 
The Test Detection command is a special hcidadauaie 


that requests a BIU to test the detection hardware 
contained inside the component. It checks all the — 


FRC circuitry, memory bus parity generator/check- 
ers, and buffer checking logic. The hardware con- 


figuration for this example is the same as that for the - 
previous example (see Figure 21). When the com- 


mand has been performed an error report message 
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Figure 23. Test Detection Command 


the message indicates “module error” Ir 6 this exam- 


phase 1 of the serial error reporting sequence con- 
tains the “no error” message starting in bs pes 5 (see 
Figure 23). Pat tas 


10 1 


6 7 8 


i Wyse ay Mager. tl 
-34 : = Ma 


ap Saar he - 


MERL.MODULE1 
MERL.MODULE2 
BERL1.BUSO 


BERL1.BUS1 


MERL.MODULE1 
MERL.MODULE2 
BERL1.BUSO 


BERL1.BUS1 


iAPX 43204, 43205 


23 24 


E06C x 6C9 
Sei Lod a BS) = OEE PRE BORG Se PEA PE Ei CEES 


Figure 23. Test Detection Command (continued) 
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Figure 23. Test Detection Command (continued) 
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Figure 23. Test Detection Command (continued) 
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MACD BUS ARBITRATION 


Figure 24 illustrates two processors as they simul- 
taneously issue memory requests. Since the re- 
quests are both serviced by the same memory bus 


and MCU, arbitration is performed to select the first 


request that should be presented. The hardware 
configuration consists of two processors (proces- 
sor modules 2 and 6), two BIUs, one memory bus, 
one MCU, and one storage array (see Figure 25). 


In cycle 0, both processors issue a request indicated 


by the respective processor request signals, 


PRQ.PROC2 and PRQ.PROCE. In cycle 4, the asso- 
ciated BiUs present their requests to the memory 
bus (NREQ=0, RQ=0) and each notes that another 
BIU is also contending (CONT=0) for the use of the 


PROCESSOR ~ 
MODULE 2 


(Fae EST Re ara arene omcus SET wes emoe ee ens ES OE eet eS Sn cm CS mE Ca RE RT OS Se Co SRD SE EE aes ES ee ee OE ES A FE oS a me 
. 


MODULE 6 


PROCESSOR 


memory bus. The BIUs resolve the contention by 
examining the individual bits of their respective log- 
ical IDs, beginning with the most significant bit. In 
this case, the default logical ID is a bit-reversed 
version of the module ID. In cycle 4, each BIU notes 
contention. In cycle 5, each BIU still notes conten- 
tion. In cycle 6, the BIU serving module 2 wins the 
arbitration and issues its request to the memory bus. 
Overlapped with the first request, the BIU in module 
6 reissues its request for the memory bus (RQ=0 in 
cycle 9) and detects no contention. However, each 
BIU monitors the memory bus and the BIU in 
module 6 waits for the current bus activity to com- 
plete before its request can be placed on the bus. 


STORAGE 
ARRAY 


MEMORY 
BUS 


Figure 25. Hardware Configuration for Memory Bus Arbitration 
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Figure 24. MACD Bus Arbitration 
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Table 3. iAPX 43204 Clock Edge Table 


input Sample Output Drive 
pe Cloek | Bags Clock Uf) Edge 


inputs 
MERL 
-BERL1 
BERL2 » 
ICS 
INIT 

RQ 
CONT 
NREQ 
PRQ 


Outputs 
MERLOUT 
BERLOUT 
ICSOUT 
CLRPUOUT 


Input/Output 
MMAH 
MMAL 
ACD15...0 
MACD15...0 
Cie. .-0 
CHK1...0 
MBOUT 
NREQOUT 
RQOUT 
BCHK 


51 
1, 54-68 
13-28 
29-31 
11, 12 
32 


Rising 
Rising 
Rising 
Rising 
Rising 
Falling 
Falling 
Falling 
Rising 


Rising 
Rising 
Rising 
Rising 
Rising 
Rising 
Rising 
Falling 
Falling 
Rising 
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Rising 
Rising 
Rising 
Rising 


Rising 
Rising 
Falling 
Rising 
Rising 
Rising 
Rising 
Falling 
Falling 
Rising 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Range ....... 0°C to 70°C 
Storage Temperature ........ —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground ........... —1.0V to +7V 
Power Dissipation ................05. 2.2 Watt 


iAPX 43204 DC Characteristics 


Input low voltage 


VSS2..VSSO0 = 0 Voits 
VCC2..VCCO = 5.0 Volts + 5% 


ae oe ee 
Pie” | Ciockinputiow otege” ae 
Tvme” | Ciockinputhigh tage ——=SSCSSSSCS*~*~dSCit it |v 
Uk nai npeetigs 
Sal Oana ee 
input leakage curent (neasured at n=voo) | — | #10 | =a 
| ae Sas 
| sor RS 
ee 


Output leakage current (measured at 0.45 V. < Vout 
< VCC) 


Output high current (measured at 2.6 V.) 
Output low current (measured at 0.45 V.) 
Power supply current (sum of VCCO, VCC1, VCC2) 


All DC parameters are guaranteed over the following conditions: 
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*NOTICE: Stresses above those listed under ‘‘Abso- 
lute Maximum Ratings’’ may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


[Max | Units | 
p08 | Vo} 


+0.8 ¥, 


The absolute value of the differential DC voltage between any of the VCC pins (VCC2..VCCO) must be less than 0.1 
Volts. This is normally guaranteed by connecting the three VCC pins to the same printed circuit power trace. 
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iAPX 43204 AC Characteristics 
Ambient temperatrue range of 0°C to 70°C 


Description 


| Min | Max 
[cocks anaiorimes | - [10 
Putas | Gockousewan | a7 | 0 
Fey | Geckorcienme —_——~idt 
es ce 
Ce ce 
Men | Gecko sere! ouputeraie tne] 2 
ra | Cookies me | _ 
nga ‘supine | 
Cn Ce 


| 
Max _| 


Clock to signal data float time 
Signal to clock setup time 


Initialization period 


at 
s/o] 3 
ak 
~a 
S 8/2] = 


All AC parameters are guaranteed over the following conditions: 
Ambient temperature range of 0 degrees Centigrade to 70 degrees Centigrade 


VSS2 .. . VSSO = 0 Volts 
VCC2... VCCO = 5.0 Volts + 10% 


100 picoFarad external load capacitor on all output pins 


iAPX 43204 Capacitance Data 


Conditions: Ta = 25°C 
VCC = 5.0 Volts, GND = 0.0 Volts 
f(test) = 1.0 MHz 
Inputs held at 0.0 Voits 
All outputs in high impedance state 
All input/output pins are classified as outputs 


| ee 
MMi. fT 
i ivan 
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_ IAPX 43205 FUNCTIONAL DESCRIPTION 


This section describes how the iAPX 43205 Memory 
Control Unit (MCU) operates. It contains a set of 
diagrams that present the clock-by-clock activity of 
the pins on an MCU component. To understand the 
notation on the waveforms, refer to Figure 26. It 
illustrates a 32-bit memory read operation of physi- 
cal memory array address OOO00H. 


The cycle numbers (0, 1,2, ... ) at the top of each 
waveform enumerate the clock cycles. When a 
common group of signals is plotted, its value is 
displayed inside a data waveform. For example, the 
MACD signals (MACD15 . . . MACDO) areall high in 
cycle 0, carry the hexadecimal value 0300H in cycle 
1, and are all low in cycle 3. The MACD signals 
(MACD15 ...MACDO) carry the values 0300H in 
cycle 1 and OOOOH in cycle 2. The first double byte of 
the access contains the specification field (O3H— 
the high byte of the first double byte) and the low- 
order address byte (OOH—the low byte of the first 
double byte) of the memory address. The second 
double byte of the access contains the high- (00H) 
and mid-order (OOH) address bytes. This example 
illustrates a double byte read performed at physical 
memory address OOQOOOH. Also, notice that the 
SLAD pins (SLAD19...SLADO) are represented 
with a 5-digit hexadecimal value. 


Consider the SLAD group in the example. In the last 
half of cycle 3 and during cycle 4, the SLAD group 
carries the value OOQOOH, the storage array address 
for the access. In cycle 5 the array returns read data 
of 42200H, and in cycle 6 the array responds with 
DC664H. In this example, the storage array is physi- 
Cally 20-bits wide, and the least significant physical 
bit is a spare bit. Thus, to interpret the actual data 


_ present on the SLAD wires, a logical shift is neces- 


sary to align the data as it will be presented on the 
MACD signals. 


Original SLAD Information 


Cycle 5 4 2 2 0 0 Hexadecimal 


0100 0010 0010 0000 0000_ ‘Binary . 
{ Spare Bit 
Cycle 6 D C 6 6 4 Hexadecimal 
1101 1100 0110 0110 0100 -_ = ‘Binary 
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Cycle 5 contains the least significant information, 
and cycle 6 contains the most significant informa- 
tion. The least significant bit of cycle 5, the spare bit, 
is not used in this case. Thus, the actual data and 
ECC information transferred on the SLAD signals is 
formed by concatenating the low- and high-order 
SLAD data groups and deleting the low-order spare 
bit. The 7 ECC bits occupy the high-order 7 bits of 
the result, and the 32 data bits occupy the low-order 
portion. 


Original SLAD Information 
D Cc .=<6 ie. 4 2 2 0 0 
1101 1100 0110 0110 0100 0100 0010 0010 0000 0000 
! 
6 0 31 O. Spare bit 


ECC Data 
Spare Bit Removed 
6 E s 3 2 2 1 1 0 0 
110 1110 0011 0011 0010 0010 0001 0001 0000 0000 
6 0 31 0 
ECC Data 


The 32-bit value 33221100H is returned to the MACD 
bus with the low-order 16 bits in cycle 7 and the 
high-order 16 bits in cycle 8. The 7-bit ECC value is 
checked by the MCU and is not transferred to the 
MACD signals. 


These waveforms are accurate cycle-to-cycle repre- 
sentations of MCU function. They are not meant to 
serve as diagrams of exact component timing. For 
example, the diagrams depict MACD data being 
issued from the MCU at the functional clock boun- 
daries for the rising edge of CLKA. The MCU actu-. 
ally sources MACD information on the rising edge 
of CLKB. Always refer to the precise electrical spec- 
ifications, AC specifications, and timing diagrams 
when detailed timing information is required. The 
functional diagrams are intended to succinctly sum- 
marize the functions of the MCU. 
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Figure 27. MCU and External Hardware Configuration 


HARDWARE CONFIGURATION FOR 
MEMORY READ AND WRITE OPERATIONS 


Figure 27 is the basis for demonstrating MCU 
memory read and write operations. In each memory 
read and memory write example, the appropriate 
command is presented to the MCU from the MACD 
(memory) bus and the MCU performs the operation 
to completion. Each memory operation assumes 
the following hardware configuration for the logic 
external to the MCU. Notice that external Sogic 
accepts the RAS, WE, and DEIN signals and produ- 
ces the precise timing signals which are required by 
the associated dynamic RAM storage array. In the 
diagrams which follow, only signals which are pres- 
ent on the MCU signal pins are displayed. 


MEMORY READ OPERATIONS 


Figure 26 (Normal Aligned Read) illustrates a mem- 
ory read operation that returns two double bytes (4 
bytes) from the memory subsystem, typical for iAPX 
432 GDP instruction fetch cycles. 


Figure 28 (Normal 2-byte Read) illustrates a mem- 
ory read operation that returns a single double byte 
operand. 
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Figure 29 (Normal Nonaligned Read) illustrates a 
4-byte memory read operation that is not aligned to 
a 4-byte boundary, the natural boundary for instruc- 
tion fetches and 32-bit operands. In this case, the 
MCU must perform two separate storage array 
accesses to acquire the 4 bytes. 


Figure 30 (4-byte Read with Extended Access) illus- 
trates a programmable option on the MCU that 
accommodates storage arrays that require longer 
memory access cycles. With the extended access 
option, the MCU extends RAS one cycle and delays 
DEIN one cycle to allow the external array sequenc- 
ing logic to extend the storage array cycle. 


Figure 31 (Staged Read with Correctable Error) 
demonstrates how an MCU can stage (hold) mem- 
ory data until all ECC detection and correction is 
performed. Without selecting the staging option, a 
MCU would normally present the memory data it 
acquired to the MACD bus as in other memory read 
cycles. However, should an error be detected, the 
MCU would signal (BERLOUT) to inform a BIU that 


data it had been given was invalid, and the BIU | 


would retry the access. 
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Figure 28. Normal 2-byte Read 


Figure 26. Normal Aligned Read 
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Figure 30. 4-Byte Read with Extended Access 
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Figure 31. Staged Read with Correctable Error 


MEMORY WRITE OPERATIONS 


Figure 32 (Normal 2-byte Write) illustrates a mem- 
ory write operation that stores a single double byte 
operand. 

Figure 33 (Normal Aligned Write) illustrates a mem- 
ory write operation that stores a 4-byte operand 
aligned to a 4-byte boundary. 


Figure 34 (Normal Nonaligned Write) illustrates a 
4-byte memory write operation that is not aligned to 
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a 4-byte boundary. In this case, the MCU must per- 
form two separate storage array accesses to store 
the 4 bytes. 


Figure 35 (4-byte Write with Extended Access) illus- 
trates a programmable option on the MCU that 
accommodates storage arrays which require longer 
memory access cycles. With the extended access 
option, the MCU extends RAS one clock cycle and 
delays DEIN one clodck cycle to allow the external 
array sequencing logic to extend the storage array 
cycle. 
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Figure 32. Normal 2-byte Write 
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Figure 33. Normal Aligned Write 
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MEMORY REFRESHING OPERATIONS 


Figures 36 and 37 illustrate an MCU performing two 


types of storage array refreshing operations. The 


_ MCU performs a Normal Refresh Cycle to satisfy 


standard dynamic RAM refresh requirements. 
External logic must use the REFRESH signal to 
generate the appropriate storage control signals 
(e.g., RAS-only refresh). The MCU performs a 
Scrub Refresh Cycle to cleanse the memory array of 
latent ECC errors by periodically reading the stor- 
age array and writing back a corrected version of 
data for any correctable errors it detects. Each of 
these diagrams utilize the same hardware configu- 
ration as the memory read and write operations 


ABCHK 


REFRESH 


described earlier. However, the MCU performs the 
refreshing operations independently of any com- 
mands from the MACD bus. 


INTERCONNECT REGISTER OPERATIONS 


Figures 38 and 39 illustrate the reading and writing 
of interconnect registers that are located on the 
MCU. Refer to the iAPX 432 Interconnect Architec- 
ture Reference Manual for a detailed description of 
specific. interconnect registers. These diagrams 
illustrate general interconnect register operations. 
Later, specific commands are demonstrated that are . 
invoked by interconnect register operations. 


Figure 36. Normal Refresh Cycle 
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Figure 37. Scrub Refresh Cycle 
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Figure 38. Interconnect Register Read 
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Figure 39. 


TEST DETECTION COMMAND 


The Test Detection command is used to check that 
the detection circuits in the MCU are operating cor- 
rectly. The command is invoked by an interconnect 
register write to the Test Detection register address 
(see the iAPX 432 Interconnect Architecture Refer- 
ence Manual). The iAPX 432 instruction MOVE TO 
INTERCONNECT, executed on a GDP, causes the 
interconnect write cycle. The MCU reports the sta- 
tus of the test via the three-phase error report 
method described earlier. (See BERLOUT pin des- 
cription.) If the test found no errors, the “no error” 
message is sent. If the test encountered an error, the 
“module error” message is sent. 


interconnect Register Write 


Two Test Detection executions are shown in Figures 
40 and 41, one each for the master and checker 
components in a FRC pair. Each of the diagrams 
consist of five parts. The two components operate 
identically except for the manner in which they 
check the BUSSEL signal (see cycles 10 and 11). 
The master operates the memory bus detection cir- 
cuits with BUSSEL=0. The checker issues the com- 
plement, BUSSEL=1. External logic checks the two 
BUSSEL signals and reports the disagreement on 
the BCHKIN/M input. 
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Figure 40. Test Detection—Master 
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Figure 40. Test Detection—Master (continued) 
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. Figure 40. Test Detection—Master (continued) 


) 1 9 10 1 12 


2 3 6 7 8 ' 


4 5 


BCHKIN/M wee 
BERLOUT 


Figure 41. Test Detection—Checker 
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CLEAR MEMORY COMMAND 


The Clear Memory command is invoked by an inter- 
connect register write to the Clear Memory register. 
The MCU performs the command by writing zero 
data and appropriate ECC information to all storage 
array locations. The same hardware configuration 
that was used for memory read and write cycles is 
assumed. The MCU returns a reply to the requester 
as soon as it accepts the command but will not 
perform any further requests until it has cleared the 
memory. As seen in Figure 42, the MCU issues 


SI iet 


S ae at 0 ar 29 ¢ Pak a 


storage array write cycles beginning at the highest 
storage array address (in this case, O3FFFH) and 
decrements through remaining addresses (O3FFEH, 
O3FFDH,...). Notice that the ECC and zero data 
information changes for each successive cycle 
(BOOO000000H, D200000000H, A600000000H,, etc.). 
This occurs because ECC is computed across data 
and address information. This process continues 
until all storage locations have been cleared. Only 
the first few cycles of the process are demonstrated. 


Figure 42. Clear Memory Command 
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Figure 42. Clear Memory Command (continued) 
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Table 4. IAP 43205 Clock Edge Table 
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iAPX 43204, 43205 
ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Abso- 
lute Maximum Ratings’ may cause permanent dam- 
Ambient Temperature Range ....... 0°C to 70°C age to the device. This is a stress rating only and 
Storage Temperature ........ —65°C to +150°C functional operation of the device at these or any 
Voltage on Any Pin with other conditions above those indicated in the oper- 
RespecttoGround ........... —1.0V to +7V ational sections of this specification is not implied. 
POW DISSIDEUON 5s 4. Sd, ee os endo 2.5 Watt Exposure to absolute maximum rating conditions 


for extended periods may affect device reliability. 


iAPX 43205 DC Characteristics 
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Input low voltage 
Input high voltage } 


Output low voltage 
Voh Output high voltage 
SLAD19..0 
Other outputs 


Input leakage current (measured at Vin=VCC Volts) 


Output leakage current (measured at 0.45 Volts < Vout +10 pA. 
= VCC Volts) 


Output high current (measured at Vout=2.6 V.) 
Output low current (measured at Vouts0.45 V.) 
Power supply current (sum of VCCO, VCC1, VCC2) 


All DC parameters are guaranteed over the following conditions: 


VSS2..VSSO0 = 0 Volts 

VCC2..VCCO = 5.0 Volts + 10% 

The absolute value of the differential DC voltage between any of the VCC pins (VCC2..VCCO) must be less than 0.1 
Volts. This is normally guaranteed by connecting the three VCC pins to the same printed circuit power trace. 
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iAPX 43205 AC Characteristics 
Ambient temperature range of 0°C to 70°C 
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Description 


t,, ty Clock rise and fall times 


ty, to, tg, tg | Clock pulse width 
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Clock cycle time 
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Clock to signal data float time 
Signal to clock setup time 


tm MACD input setup time 
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tie Initialization period 


All AC parameters are guaranteed over the following conditions: 
Ambient temperature range of 0 degrees Centigrade to 70 degrees Centigrade 


VSS2... VSSO = 0 Volts 
VCC2... VCCO = 5.0 Volts + 10% 


100 picoFarad external load capacitor on all output pins 


iAPX 43205 Capacitance Data 


Conditions: Ta = 25°C 
VCC = 5.0 Volts, GND = 0.0 Volts 
f(test) = 1.0 MHz 
Inputs held at 0.0 Voits 
All outputs in high impedance state 
All input/output pins are classified as outputs 
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HARDWARE INTERFACING 


This section presents examples of hardware that 
interfaces iAPX 432 processors (the iAPX 43201/ 
43202 General Data Processor (GDP) and the iAPX 
43203 Interface Processor (IP), the iAPX 43204 Bus 
Interface Unit (BIU), and the iAPX 43205 Memory 
Control Unit (MCU) to one another (see Figure 44). 
These examples present some alternatives for build- 
ing iAPX 432 systems using the interconnect com- 
ponents. A wide variety of systems may be built with 
the interconnect components and this list of exam- 
ples explores only a few dimensions of the design 
space. 


ICSOUT 


CLRPUOUT 


INIT DATA 


Figure 44. Interfacing iAPX 432 Processors to 
the BIU ' 
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Figure 45 illustrates the connection of a BIU to the - 


serial error reporting networks. Here, the BIU con- 
nects to the module error report line (MERL) and 
has a duplicated bus error report line (BERL1 and 
BERL2). Each error report line is driven by open 
collector inverters so that the BIUs along either the 
module or bus axes may contribute error messages 
in wired-OR fashion. Two inverters are required to 
drive each error report line, one is a standard 
inverter and the other is an open collector version. 
The example shown also duplicates the bus error 


report lines so that bus error messages may be | 


delivered even if one of the inverter paths fails. 
Should duplicated bus error report lines not be 
required, one of the two inverter groups could be 
deleted and the BERL1 and BERL2 signals con- 
nected together. 


BERL1 BERL2 


Interfacing a BIU to Error Reporting 
Network 


Figure 45. 
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The 432 hardware system designer must provide an 
external arbitration network which examines the 
BIU’s arbitration signals, along with other BlUs in 
the system, to determine when it is permissible to 
use the memory bus. Two alternatives for this 
function are presented in Figures 46 and 47. The first 
method requires the fewest backplane signal lines 
since it utilizes multilevel analog signalling to arbi- 
trate for the bus. The second method requires more 
backplane signals and unique wiring for each arbi- 
trating unit but is fully digital. 


RG 


BIU 
MASTER 


NREQO 


Figure 46. 


BIU 
CHECKER 


yada 


With either method, each BIU produces two output 
signals, RQOUT and NREQOUT, which are activated 
to indicate that the BIU requires the use of the 
memory bus. Each BIU requires that an external 
logic network examine all the NREQOUTs and © 
RQOUTSs to identify when a request is being made 
by one or more BlUs. Three inputs to the BIU 
(NREQ, RQ and CONT) are generated by the 
external logic. NREQ (New Request) is activated to 
signal that a new time-ordering cycle has occurred. 
RQ (request) signifies that one or more RQOUTs 
are active and CONT (contention) signifies that 
more than one RQOUT is active. 
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interfacing the BIU to the MACD Bus Arbitration Network 


(Analog Method) 
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NREQOUT 


Interfacing the BIU to the MACD Bus Arbitration Network 


Figure 47. 
(Digital Method) 
Figure 48 shows the required bus transceivers signal may be used to check that the external 
which connect a BIU toa memory bus. In addition, __ buffers are operating correctly. | ea 45 
the drawing suggests how the oscillating BCHK Say cs phere 


Figure 48. Interfacing the BIU to the MACD BUS 
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Figure 49 illustrates ioe an MCU, an external RAM -MCU, provides the precise signals required to man- 
storage array, and external sequencing logic forma age the arrays. Figures 50 and 51 detail the array 
oo eens subsystem. In this example, economical sequencing logic and the timing of signals which 
dynamic RAM components form the storage arrays coordinate the actions of the storage array. 
_ and the array sequencing logic, under control of the 
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Figure 49. Interfacing the MCU to the Storage Array 
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Sequencing Logic for the Storage Array 
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Figure 50. 
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Figure 51. Timing Diagram for the Storage Array Interface 
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External hardware must be employed to permit an 
MCU to attach to its normal or backup memory bus. 
There are several facets to this requirement. Natu- 
rally, individual bus transceivers must be used to 
allow the MCU, through its BUSSEL (bus select) 
output signal, to choose which memory bus will 
carry its address, control, data, and check informa- 
tion. In addition, the MCU must access error report 
information and arbitration information from the 
correct memory bus. These requirements are met 
by the sort of network illustrated in Figure 52. Notice 
that these requirements are unique to the MCU. One 
BIU is required for each bus that a processor wishes 
to attach to, no such steering is required for a BIU. 
The next example highlights some of the considera- 
tions when extending these requirements to fault 
tolerant systems. 


- BUSO 
ARBITRATION, ERROR 


BUS 2 
ABRITRATION, ERROR 


Interfacing the MCU to Two Memory 
Busses 


Figure 52. 


Fault tolerant MCU configurations require that spe- 
cial-externai logic enable the transceivers which 
connect the MCU to its assigned memory bus. This. 
may be done with a scheme illustrated in Figure 53. 
Two MCUs are employed in a FRC configuration. At 
their FRC interface, all the MACD, CTL, CHK signals 
as well as the MBOUT direction signal are com- 
pared for error. The master and checker MCUs each 
develop a version of the BUSSEL signal. Since it is 
not possible to FRC the BUSSEL signal and guaran- 
tee acorrectly operating version, external hardware 
must be employed to develop a fault tolerant version 
of the bus selection function. The individual BUS- 
SELs must be checked by external fault tolerant 
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BUSSEL 


MEMORY BUS 0 


Figure 53. Fault Tolerant Bus Select Network 


logic which enables only one of the two sets of 
memory bus transceivers when the BUSSELs are 


both active. If there is any discrepancy in the BUS- 


SELs, the external logic must disable both of the bus 
transceiver sets so that the malfunctioning MCU 
cannot corrupt either memory bus. 


This same technique must also be applied to other 


signals which must be routed to/from the currently 
assigned memory bus. The BERLOUT error report 
signal must only be output to the correctly selected 
bus. The RQ, Li, and BERL2 signals 


must only be received from the correctly selected | 
_ bus. 


Special logic is also required to check those signals 
which are not FRCed in a fault tolerant configura- 


tion. The BCHK output pins and the BCHKIN/M | 
input pins of the master and checker MCUs may be | 
used to detect errors in the external logic. In Figure © 


54, a PROM is used as the error detector. The inputs 
to the PROM may come from a variety of sources, 
depending on the particular hardware configura- 


tion. In this example, the PROM observes two sets of - 


signals, one set from the master and another from 
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Figure 54. Detecting Errors in External MCU Logic 
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Figure 55, 43204 and 43205 JEDEC Type A Package 
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the checker. Notice that the oscillating BCHK signal 
is routed through the bus transceivers in different 
directions depending on the value of the MBOUT 
signal. The fault tolerant versions of the BUSSEL 
signal select collection of signals to be checked. 
The INIT input to the PROM provides a convenient 
way to establish master/checker roles during initial- 
ization since BCHKIN/M carries mastership infor- 
mation at that time. 


PACKAGE 


The 43204 and 43205 are packaged in 68-pin, lead- 
less JEDEC type A hermetic chip carriers. Figure 55 

illustrates the package, and Figures 9 and 11 show 
the pinouts. , 
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intel ‘APPLICATION AP-97AK 
NOTE | 


April 1982 


INTRODUCTION 


The designer of a microprocessor-based system has two 
basic types of devices available to implement a random 
access read/write memory — static or dynamic RAM. 


Dynamic RAMs offer many advantages. First, dynamic 


RAMs have four times the density (number of bits per 
device) of static RAMs, and are packaged in a 16-pin 
DIP package, as opposed to the 20-pin or larger DIPs 
used by static RAMs; this allows four times as many 
bytes of memory to be put on a board, or alternatively, 
a given amount of memory takes much less board space. 
Second, the cost per bit of dynamic RAMs is roughly 
one-fourth that of statics. Third, static RAMs use about 
one-sixth the power of static RAMs, so power supplies 
may be smaller and less expensive. These advantages are 
summarized in Table 1. 


-On the other hand, dynamic RAMS require complex 


support functions which static RAMs don’t, including 


address multiplexing 

timing of addresses and control strobes 
refreshing, to prevent loss of data 

arbitration, to decide when refresh cycles will be 
performed. , 


LOG2 [COST] 


CONTROLLER 


CS LOGIC 


Table 1. Comparison of Intel Static and 
Dynamic RAMs Introduced during 1981 


Density 
(No. of bits) 
No. of pins 
Access time (ns) 
Cycle time (ns) 
Active power (ma) 
Standby power (ma) 
Approx. cost per bit 
(millicents/bit) 


In addition, dynamic RAMs may not always be able to 
transfer data as fast as high-performance 
microprocessors require; wait states must be generated 
in this case. The circuitry required to perform these 
functions takes up board space, costs money, and con- 
sumes power, and so detracts from the advantages that ~ 
make dynamic RAMs so appealing. Obviously, the 
amount of support circuitry should be minimized. 


The Intel 8202A and 8203 are LSI dynamic RAM con- 
troller components. Either of these 40-pin devices alone 
does all of the support functions required by dynamic 
RAMs. This results in a minimum of board space, cost, 
and power consumption, allowing maximum advantage 
from the use of dynamic RAMs. 


64K 128K 
LOG2 [RAM SIZE] (K BYTES) 


Figure 1. Implemented Cost of Static vs. Dynamic RAM 
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Figure 1 shows the relative cost of static and dynamic 
RAM, including support circuitry, as a function of 
memory size, using the Intel 8202A or 8203. For any 
memory larger than 16KBytes, the dynamic RAM is less 
expensive. Since the cost of the dynamic RAM con- 
troller is relatively independent of memory size, the cost 
advantge for dynamic RAM increases with increasing 
memory size. - 


This Application Note will describe the techniques of in- 
terfacing a dynamic RAM memory to an iAPX-86 or 
iAPX-88 system using either the 8202A or 8203 dynamic 
RAM controller. Various configurations of the 8086 
and 8088 microprocessors, and those timings which they 
satisfy, are described. The Note concludes with ,ex- 
amples of particular system implementations. 


DYNAMIC RAMS 


This section gives a brief introduction to the interfacing 
requirements for Dynamic RAMs. Later sections will 
describe the operation of the Intel 8202A and 8203 
Dynamic RAM Controllers. 


Device Description 


The pinout of two popular families of dynamic RAMs, 
the Intel 2118 and 2164A, are shown in Figure 2. The 
2118 is a 16,384 word by 1-bit dynamic MOS RAM. The 
2164 is a 65,536 word by 1-bit dynamic MOS RAM. 
Both parts operate from a single +5v supply with a 
+ 10% tolerance, and both use the industry standard 
16-lead pinout. 


The two parts are pinout-compatible with the exception 
of the 2164 having one extra address input (Az, pin 9); 
this pin is a no-connect in the 2118. Both parts are also 
compatible with the next generation of 256K dynamic 
RAMs (262,144 word by 1-bit), which will use pin 1 
(presently a no-connect on both the 2118 and 2164A) for 
the required one extra address input (Ag). This makes it 
possible to use a single printed circuit board layout with 
any of these three types of RAM. 


AP-97A__ 


Addressing 


Each bit of a dynamic RAM is individually addressable. 
Thus, a 2164A, which contains 216 (or 65,536) bits of in- 


_ formation, requires 16-bit addresses; similarly, the 


2118, which contains 2!4 (or 16,384) bits, requires 14-bit 
addresses. 


In order to reduce the number of address pins required 
(and thus reduce device cost), dynamic RAMs time- 
multiplex addresses in two halves over the same pins. 
Thus a 2164A needs only 8 address pins to receive 16-bit 
addresses, and the 2118 needs only 7 for its 14-bit ad- 
dresses. The first address is called the row address, and 
the second is called the column address. The row ad- 
dress is latched internal to the RAM by the falling edge 
of the RAS (Row Address Strobe) control input; the col- 
umn address is latched by the falling edge of the CAS 


(Column Address Strobe) control input. This operation | 


is illustrated in Figure 3. 


Dynamic RAMS may be visuallized as a two-- 


dimensional array of single-bit storage cells arranged 


across the surface of the RAM’s die. In the case of the 


2164A, this array would consist of 28 (or 256) rows and 
28 (or 256) columns, for a total of 216 (or 65,526) total 
bit cells (Figure 4). This is the source of the ‘‘row ad- 
dress’? and ‘‘column address’’ terfninology. Bear in 
mind that any given RAM may not be physically im- 
plemented as described here; for instance, the 2164A ac- 
tually contains four arrays, each one 27 rows by 27 
columns. 


Figure 2. Dynamic RAM Pinout Compatibility 
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Figure 3. Dynamic RAM Addressing 


COLUMNS 


Figure 4. Bit Cell “Array” 


Memory Cycles 


In this Application Note, we will discuss three types of 
memory cycles — read, write, and RAS-only refresh. 
Dymanic RAMs may perform other types of cycles as 
well; these are described in the dynamic RAM’s data 
sheet. 


Whether data is read or written during a memory cycle 
is determined by the RAM’s WE control input. Data is 
written only when WE is active. 


During a read cycle, the CAS input has a second func- 
tion, other than latching the column address. CAS also 
enables the RAM data output (pin 14) when active, 
assuming RAS is also active. Otherwise, the data output 
is 3-stated. This allows multiple dynamic RAMs to have 
their data outputs tied in common. 


During write cycles, data on the RAM data input pin is 
latched internally to the RAM by the falling edge of 
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CAS or WE, whichever occurs last. lf WE goes active 
before CAS (the usual case, called an ‘‘early write’), 
write data is latched by the falling edge of CAS. If WE 


goes active after CAS (called a ‘‘late write’’), data is lat- 


ched by the falling edge of WE (see Figure 5). 


Late writes are useful in some systems where it is desired 
to start the memory cycle as quickly as possible, to max- 
imize performance, but the CPU cannot get the write 
data to the dynamic RAMs quickly enough to be latched 
by CAS. By delaying WE, more time is allowed for 
write data to arrive at the dynamic RAMs. 


Note that when ‘‘late write’’ is performed, CAS goes ac- 
tive while WE is still inactive; this indicates a read cycle, 
so the RAM enables its data output. So, if ‘‘late write’’ 
cycles are performed by a system, the RAM data inputs 
and data outputs must be electically isolated from each 
other to prevent contention. If no ‘‘late writes’’ are per- 
formed, the RAM data inputs and data outputs may be 
tied together at the RAM to reduce the number of board 
traces. 
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Access Times 


Each dynamic RAM has two different access times 
quoted for it — access time from RAS active (trac) and — 
access time from CAS active (tcac); these are illustrated tacpmax, then trac is the limiting access time para-_ 
in Figure 6. How do you know which to use? This — meter; if, on the other hand, the delay from RA 
depends on the timings of your RAM controller. First, 
the worst case delay from the memory read command © 
active to RAS active (tcp) and CAS active (tcod) must be — 
_ determined. Then the read data sees i is the aes 


A. “EARLY WRITE” 


praure 5. Dynamic RAM Write Cycles 


— the delay from RAS to CAS is less than or equal mle 


__ CAS is greater than trcpmax, then tcac is the limiting Sy, aes 

_ parameter. trcpmax is not an operating limit, an d this 5 
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mostly because of the very simple bit-storage cell they 

ot use, which consists only of one transistor and a 
capacitor. The capacitor stores one bit as the presence 
(or absence) of charge. This capacitor is selectively ac- 
cessed for reading and writing by enabling its associated 
‘transistor (see Figure 7). 


"Dynamic RAMs achieve their high density and low cost | 


Figure 6. Dynamic RAM Access Times 


Unfortunately, if left for very long, the charge will leak 
out of the capacitor, and the data will be lost. To pre- 
vent this, each bit-cell must be periodically read, the 
charge on the capacitor amplified, and the capacitor 
recharged io its initial state. The circuitry which does 
this amplification of charge is called a ‘‘sense amp”’ 
This must be done for every bit-cell every 2 ms or less to 


prevent loss of data. 


Each column in a dynamic RAM has its own sense amp, 
so refresh can be performed on an entire row at a time. 
Thus, for the 2118, it is only necessary to refresh each of 
its 128 rows every 2 ms. Each row must be addressed via 
the RAM’s address inputs to be refreshed. To simplify 
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Figure 8. RAS-only Refresh 


refresh, the 2164A is implemented in such a way that its 
refresh requirements are identical to the 2118; 128 rows 
every 2 ms. Some other 64K RAMs require 256 row 
refresh every 4 ms. 


Refresh can be performed by a special cycle called a 
RAS-only refresh, shown in Figure 8. Only a row ad- 
dress is sent; that row is refreshed. No column address is 
sent, and no data is read or written during this cycle. In- 
tel dynamic RAM controllers use this technique. 


Any read, write, or read-modify-write cycle also 
refreshes the row addressed. This fact may be used to 
refresh the dynamic RAM without doing any special 
refresh cycles. Unfortunately, in general you cannot be 
sure that every row of every dynamic RAM in a system 
will be read from or written to every 2 ms, so refresh 
cannot be guaranteed by this method alone, except in 
special applications. ~ 


A third technique for refresh is called hidden refresh. 
This method is not popular in microprocessor systems, 
so it is not described here, but more information is 
available in the dynamic RAM’s data sheet. 


Three techniques for timing when refresh cycles are per- 
formed are in common use: burst refresh, distributed 
refresh, and transparent refresh. 


Burst refresh means waiting almost 2 ms from the last 
time refresh was performed, then refreshing the entire 
memory with a ‘‘burst’’ of 128 refresh cycles. This 
method has the inherent disadvantage that during the 
time refresh is being performed (more than 40 


microseconds for 128 rows) no read or write cycles can 
be performed. This severely limits the worst case 


response time to interrupts and makes this approach un- 
suitable for many systems. 


As long as every row of the RAM is refreshed every 2 
ms, the distribution of individual refresh cycles is unim- 
portant. Distributed refresh takes advantage of this fact 
by performing a single refresh cycle every 2 ms/128, or 
about every 15 microseconds. In this way, the refresh re- 
quirements of the RAM are satisfied, but the longest 
time that read and write cycles are delayed because of 
refresh is minimized. Those few dynamic RAMs which 
use 256 row refresh allow 4 ms for the refresh to be com- 


pleted, so the distributed refresh period is still 15. 


microseconds. 


The third technique is called transparent (or ‘‘hidden’’ : 


r ‘‘syncronous’’) refresh. This takes advantage of the 
fact that many microprocessors wait a fixed length of 
time after fetching the first opcode of an instruction to 
decode it. This time is necessary to determine what to do 
next (i.e. fetch more opcode bytes, fetch operands, 
Operate on internal registers, etc.); this time may be 
longer than the time required for a RAM refresh cycle. 
If the status outputs of the CPU can be examined to 
determine which memory cycles are opcode fetches, a 
refresh cycle may be performed immediately afterward 
(Figure 9). In this way, refresh cycles will never interfere 
with read or write cycles, and so appear ‘*transparent’’ 


to the microprocessor. 


Transparent refresh has the disadvantage that if the 


microprocessor ever stops fetching opcodes for very _ 
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Figure 9. Transparent Refresh 


long, due to a HOLD, extended DMA transfers, or 


when under hardware emulation, no refresh cycles will 


occur and RAM data will be lost. This puts restrictions 
on the system design. Also, high speed microprocessors 
do not allow sufficient time between opcode fetches and 
susequent bus cycles for a complete RAM refresh cycle 
to be performed, so they must wait for the refresh cycle 
to complete before they can do a subsequent bus cycle. 


_ These microprocessors cannot use transparent refresh to 


any advantage. Transparent refresh is useful for 
microprocessors like the Intel 8085 operating at low 
clock frequencies. 


The 8086 and 8088, however, prefetch opcodes into a 
queue which is several bytes long. This prefetching is in- 
dependent of the actual decoding and execution of the 
opcodes, and there is no time at which it can be 
guaranteed that the 8086 or 8088 will not request a 
memory cycle. So transparent refresh is not applicable 
to these microprocessors. 


The 8202A and 8203 perform distributed and/or 


transparent refresh. Each device has an internal timer 


which automatically generates a distributed refresh cy- 


cle every 15.6 microseconds or less. In addition, an ex- 


ternal refresh request input (REFRQ) allows the 
microprocessor’s status to be decoded to generate a 
refresh cycle for transparent refresh. If, for whatever 
reason, no external REFRQ is generated for 15 
microseconds, the internally generated refresh will take 
Over, SO Memory integrity will be guaranteed. 


Arbitration 


Because RAMs cannot do a read or write cycle and a 
refresh cycle at the same time, some form of arbitration 
must be provided to determine when refresh cycles will 
be performed. 


Arbitration may be done by the microprocessor or by 
the dynamic RAM controller. Microprocessor arbitra- 
tion may be implemented as follows: 


A counter, running from the microprocessor’s clock, is 
used to time the period between refresh cycles. At ter- 
minal count, the arbitration logic asserts the bus request 
signal to prevent the microprocessor from performing 
any more memory cycles. When the microprocessor 
responds with a bus grant, the arbitration logic 
generates a refresh cycle (or cycles, if burst refresh is. 
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used). After refresh is complete, the arbitration logic 
releases the bus. This method has several disadvantages: 
First, time is wasted in exchanging bus control, which 
would not be required if the RAM controller did ar- 
bitration. Second, while refresh is being performed, ail 
bus activity is stopped; for instance, even if the 
microprocessor is executing out of ROM at the time, it 
must stop until refresh is over. Third, bursts of DMA 
transfers must be kept very short, as refresh cannot be 
performed while DMA is in progress. 


Some microprocessors, such as the Zilog Z-80, generate 
refresh cycles themselves after instruction fetches. This 
removes the need for external arbitration logic, but still 
has several disadvantages: First, DMA bursts still must 
be kept short to allow the CPU to do refresh. Second, 
this method adds to the complexity of the micropro- 
cessor, without removing the need for the RAM con- 
troller which is still required to do address multiplexing 
and RAS, CAS and WE timing. Microprocessor refresh 
can cause problems of RAM compatibility; for instance, 
the Z-80 only outputs a 7-bit refresh address, which 
means some 64K RAMs which use 256 row refresh can- 
not be used with the Z-80. Also, since the Z-80 refresh 
cycle is a fixed length (no wait states), faster speed selec- 
tions of the Z-80 are not compatible with slower 
dynamic RAMs. Third, systems employing multi- 
processing or DMA are harder to implement, because of 
the difficulty in insuring the microprocessor will be able 
to perform refresh. 


It is preferable to have arbitration performed by the 
dynamic RAM controller itself. This method avoids all 
the problems described above, but introduces a com- 
plication. If the microprocessor issues a read or write 
command while the dynamic.RAM is in the middle of a 
refresh cycle, the RAM controller must make the 
microprocessor wait until it is done with the refresh 


INTEL DYNAMIC RAM CONTROLLERS 


The Intel 8202A and 8203 Dynamic RAM Controllers 
each provide all the interface logic needed to use 


dynamic RAMs in microprocessor systems, in a single _ 


chip. Either the 8202A or 8203 allow a dynamic RAM 
memory to be implemented using a minium of com- 
ponents, board space, and power, and in less design 


time than any other approach. 


The following sections will describe each of these con- 
trollers in detail. 


8202A 


FUNCTIONAL DESCRIPTION ; 
The 8202A provides total dynamic RAM control for 4K 
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before it can complete the read or write cycle. This 
means that from when the microprocessor activates the 


read or write signal, the time until the cycle can be com- __ 
pleted can vary over a range of roughly 200 to 700 ns. | 


Because of this, an acknowledge signal from the 
dynamic RAM controller is required to tell the 


microprocessor the memory cycle it requested is com- . 


plete. This signal goes to the microprocessor’s READY 
logic. 


Memory Organization 


As each dynamic RAM operates on only one bit at a 


time, multiple RAMs must be operated in parallel to 
operate on a word at a time. RAMs operated in thisway 


are called a bank of RAM. A bank consists of as many 
RAMs as there are bits in the memory word. When used 
in this way, all address and control lines are tied to all 
RAMs in the bank. 


A single bank of RAM will provide 64K words of 


memory in the case of the 2164A, or 16K words in the 


case of the 2118. To provide more memory words, 


multiple banks of RAM are used. In this case, all ad- — 


dress, CAS, and WE lines are tied to all RAMs, but each 
bank of RAM has its own RAS. Each bank knows 
whether it is being addressed during a read or write 
operation by whether or not its RAS input was activated 
— if not, then all other inputs are ignored during that 
cycle. | 


Data outputs for RAMs in corresponding bit positions 
in each of the banks may be tied in common, since they 
are 3-state outputs; even though CAS is connected to all 
banks of RAM, only that bank whose RAS is active will 
enable its data outputs in response to CAS going active. 
Data inputs for RAMs in corresponding bit positions in 
each of the banks are also tied in common. 


and 16K dynamic RAMs, including the Intel 2104A, 
2117, and 2118. The pinout and simplified logic 
diagram of the 8202A are shown in Figures 10 and 11. 


The 8202A is always in one of the following states: 


a) IDLE 

b) TEST cycle 

c) REFRESH cycle 
d) READ cycle 

e) WRITE cycle 


The 8202A is normally in the idle state. Whenever a cy- 
cle is requested, the 8202A will leave the idle state to 
perform the desired cycle; if no cycle requests are pen- 


ding, the 8202A will return to the idle state. A refresh 


cycle request may originate internally or externally to 
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by activating the REFRQ input to the 8202A; this input 
is latched on the next 8202A clock. If no refresh cycles 


1 are requested for a period of about 13 microseconds, the 
A 8202A will generate one internally. By refreshing one 
3 4 row every 15.6 microseconds or sooner, all 128 rows will 
3 5 be refreshed every 2 ms. Because refresh requests are 
oh 6 N.C. generated by the 8202A itself, memory integrity is in- 
& : bias ALE sured, even if the rest of the system should halt opera- 

A RD si tion for an extended period of time. 
SACK The arbiter logic will allow the refresh cycle to take 
XACK place only if there is not another cycle in progress at the 

time. 

eee . RAS3 A read cycle may be requested by activating the RD in- 
it) ‘ek By/OP; put, with PCS (Protected Chip Select) active. In the Ad- 


EAS vanced Read mode, a read cycle is requested if the 
axe microprocessor’s S1 status line is high at the falling edge 
of ALE (Address Latch Enable) and PCS is active. If a 
dynamic RAM cycle is terminated prematurely, data 
_loss may result. The 8202A chip select is ‘‘protected’’ in 
Figure 10. 8202A Pinout that once a memory cycle is started, it will go to comple- 


tion, even if the 8202A becomes de-selected. 


the 8202A; all other requests come only from outside 


, A write cycle may be requested by activating the WR in- 
the 8202A. 


put, with PCS active; this is the same for the normal and 


A test cycle is requested by activating the RD and WR Advanced Read modes. 


inputs simultaneously, independent of PCS (Protected 
Chip Select). The test cycle will reset the refresh address 
counter to zero and perform a write cycle. A test cycle 
should not be allowed to occur in normal system opera- 
tion, as it interferes with normal RAM refresh. 


BLOCK DIAGRAM 


Let’s look at the detailed block diagram in Figure 12 to 
see how the 8202A satisfies the interface requirements 
of the dynamic RAM. 


A refresh cycle performs a RAS-only refresh cycle of the Address Multiplexing 
next lower consecutive row address after the one 
previously refreshed. A refresh cycle may be requested Address multiplexing is achieved by a 3-to-1 multiplexer 


pete AHo.6 
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ALo-6 MUX. 
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a } Figure 11. 8202A Simplified Block Diagram 
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internal to the 8202A; the three inputs are the row ad- This has no effect on RAM operation; inverters are not tee 
dress (ALp.¢), column address (AHo.¢), and refresh row needed on the address outputs. if 
address (generated internally). When the 8202A is in the : 
Idle state, the multiplexer selects the row address, so it is Doing this multiplexing internally minimizes timing 3 =e 


prepared to start a memory cycle. If a refresh cycle is re- 
quested either internally or externally, the address 
multiplexer will select the refresh row address long 
enough before RAS goes active to satisfy the RAM’s 
tasr parameter. 


To minimize propagation delays, the 8202A address 
outputs (OUT .¢) are inverted from the address inputs. 


skews between the address, RAS, and CAS, and allows 
higher performance than would otherwise be possible. 


Refresh Counter 


The next row to be refreshed is determined by the 
refresh counter, which is implemented as a 7-bit ripple- 
carry counter. During each refresh cycle, the counter is 


FROM MICROPROCESSOR ADDRESS BUS 


REF. ADDR.-1 


Figure 13. Detailed 8202A Refresh Cycle 
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incremented by one in preparation for the next refresh 
cycle (a refresh cycle is shown in detail in Figure 13). 


When the 8202A enters TEST mode, the refresh counter 
is cleared. This feature is useful for automatic testing of 
the refresh counter function. Because the address out- 
puts are inverted, the first refresh address after clearing 
the counter in test mode is 7Fy, and the addresses 
decrease for subsequent refresh cycles. 


RAS Decoding 


Which bank of RAM is selected for a memory cycle is 
determined by the RAS decoder from the Bo.; inputs, 
which normally come from the microprocessor address 
bus. The 8202A Timing Generator produces an internal 
RAS pulse which strobes the RAS decoder, generating 
the appropriate external RAS pulse. The Bo.; inputs are 
not latched, so they must be held valid for the length of 
the memory cycle. During a refresh cycle, all the RAS 
outputs are activated, refreshing all banks at once. 


Oscillator 


The 8202A operates from a single reference clock with a 
frequency between 18.432 MHz and 25 MHz; this clock 
is used by the synchronization, arbitration, and timing 
generation logic. This clock may be generated by an on- 
board crystal oscillator, or by an external TTL- 
compatible clock source. When using the internal 
oscillator (available only on part number D8202A-1 or 


a. CRYSTAL MODE 


12v 


TTL CLOCK 
GENERATOR 


b. EXTERNAL CLOCK MODE 


Figure 14. 8202A Clock Options ~ 
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D8202A-3), a fundamental-mode crystal is attached to 
pins 36 and 37 (Xo and Xj), as shown in Figure 14. The 
external TTL clock option is selected by pulling pin 36 
(OP) to + 12v through 1K ohm resistor, and attaching 
the clock input to pin 37 (CLK). 


Command Decoder 


The command decoder takes the commands from the 
bus and generates internal memory request (MEMR), 
and TEST signals. 


The 8202A has two bus interface modes: the ‘‘normal’’ 
mode, and the ‘‘Advanced Read’’ mode. In the normal 
mode, the 8202A interfaces to the usual bus RD and 
WR signals. 


In the Advanced Read mode, the 8202A interfaces to 
the Intel microprocessor bus signals ALE, Si, and WR. 
S1 must be high on the falling edge of ALE for read 
cycles, and WR must be low for write cycles (write 
cycles are the same as for normal read mode). The 
8085A S1 may be used directly by the 8202A; the 8086 
and 8088 Si must be inverted. ALE and WR must be 
qualified by PCS. 


The Advanced Read mode is useful for reducing read 
data access time, and thus wait states. This mode is used 
mainly with 8085A systems. 


If both RD and WR are active at once (regardless of the 
state of PCS), the internal TEST signal is generated and 
the 8202A performs a test cycle as described above. One 
or both of RD and WR should have pull-up resistors to 
prevent the 8202A from inadvertantly being put into test 
mode, as the RD and WR signals are 3-stated by the 
microprocessor when RESET or HOLD are active. 
Since the test mode resets the refresh address counter, 
the refresh sequence will be interrupted, and data loss 
may result. 


Refresh Timer and REFRQ 


The 8202A contains a counter, operated from the inter- 
nal clock to time the period from the last refresh cycle. 
When the counter times out, an internal refresh request 
is generated. This refresh period is proportional to the 
8202A’s clock period, and varies from 10.56 to 15.625 
microseconds. Even at the lowest refresh rate, all the 
rows of the dynamic RAM will be refreshed every 2 ms. 


The 8202A has an option of reducing the refresh rate by 
a factor of two, for use with 4K RAMS. These RAMs 
have only 64 rows to refresh every 2 ms, so need refresh 
cycles only half as:often. This option is selected by pull- 
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ing pin 18 (AL¢/OP3) to +12v through a 5.1K ohm 
resistor. This pin normally serves as the high-order row 
address input for the address multiplexer, but it is no 
longer needed for this function, as 4K RAMs have one 
less address input. 


A refresh cycle may also be requested externally by ac- 
tivating the REFRQ input. This input is latched, so it 
only needs to be held active a maximum of 20 ns. If the 
8202A is currently executing a memory cycle, it will 
complete that cycle, and then perform the refresh cycle. 
The internal and external refresh requests are ORed 
together before going to the arbiter. 


The REFRQ input cannot be used in the Advanced 
Read mode, as the REFRQ pin is used for ALE in this 
mode. 


REFRQ is most often used to implement transparent 
refresh, as explained in the section Dynamic 


RAMS — Refresh. This technique is not usefuliniAPX | 


86 and iAPX 88 systems, so REFRQ is normally tied to 
ground. 


The refresh timer is reset as soon as a refresh cycle is 
started (whether it was requested internally or external- 
ly). The time between refresh cycle (trp) is measured 
from when the first cycle is started, not when it was re- 
quested, which occurs sometime earlier. Of course, 
tppfMmin does not apply if REFRQ is used — you may 
externally request refresh cycles as often as you wish. 


Arbiter 


This is the hardest section of adynamic RAM controller | 


to implement. If a read or write arrives at the same time 
as a refresh request, the arbiter must decide which one 
to service first. Also, if a read, write, or refresh request 
arrives when another cycle is already in progress, the ar- 
biter must delay starting the new cycle until the current 
cycle is complete. 


Both of the internal signals REFR (refresh request) and 
MEMR (memory cycle request) are synchronized by 


_ D-type master-slave flip-flops before reaching the ar- 


biter. these circuits have been optimized to resolve a 
valid logic state in as short a time as possible. Of course, 
with any synchronizer, there is a probability that it will 
fail — not be able to settle in one logic state or the other 
in the allowed amount of time, resulting in a memory 
failure — but the 8202A has been designed to have less 
than one system memory failure every three years, 
based on operation in the worst case system timing 
environments. 


Both synchronizers and the arbiter are operated from 


\ 


the 8202A’s internal clock. Assuming the 8202A is in- ae 
itially in an idle state, one full clock period after the syn- 
chronizers sample the state of the MEMREQ and — 


REFREQ signals, the arbiter examines the REFR and 


MEMR outputs of the synchronizers. If MEMR is ac- | 


tive, the arbiter will activate START to begin the 
memory cycle (either read or write) on that clock. If 


REER is active (regardless of the stateof MEMR), the 


arbiter will activate START and REF to begin a refresh 
cycle on that clock. Once the cycle is complete, the Cy- 


cle Timing Generator will generate an end-of-cycle _ 
(EOC) signal to clear the arbiter and allow it torespond 


to any new or pending requests on the next clock. 


Once a memory cycle is started, it cannot be stopped, _ 
regardless of the state of the RD/S1, WR, ALE, or PCS. 
inputs. This is necessary, as ending a dynamic RAM | 
cycle prematurely may cause loss of data. Note, — 


however, that the RAM WE output is directly gated by 


the WR input, so if WR is removed prematurely, the _ oe 
RAM WE pulse-width spec (twp) may be violated, caus- 


ing a memory failure. 


What happens if a memory request and refresh request ws 


occur simultaneously? 


If the 8202A is in the idle state, the memory request 


will be honored first. 


If the 8202A is not in the idle state (a memory or 


refresh cycle is in progress) then the memory cycle 
will lose priority and the refresh cycle will be honored 
first. ; 


Remember, if the 8202A is performing a cycle, the ar- 
biter doesn’t arbitrate again until the end of that cycle. 
So the memory and refresh cycles are ‘‘simultaneous”’ if 
they both happen early enough to reach the arbiter 
before it finishes the current cycle. This arbitration ar- 
rangement gives memory cycles priority over refresh 
cycles, but insures that a refresh cycle will be delayed at 


“most one RAM cycle. 


Refresh Lock-Out 


As a result of the 8202A operation, transparent refresh 


circuits like the one shown in Figure 15 should not be 
used. This circuit uses the RD input, with some qualify- 
ing logic, to activate REFRQ whenever the micropro- 
cessor does an opcode fetch. This circuit will work fine, 
as long as the 8202A never has to generate an internal 
refresh request, which is unlikely (if nothing else, the 
system RESET pulse is probably long enough that the 
8202A will throw in a couple of refreshes while the 
microprocessor is reset). If the 8202A ever does generate 
its own refresh, there is a probability that the 


microprocessor will try to fetch an opcode while the 
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refresh is still in progress. If that happens, the 8202A 
. will finish the refresh, see both the RD and REFRQ in- 


puts active, honor the REFRQ first, and start a second 
refresh. In the meantime, the microprocessor is sitting 
in wait states, waiting for the 8202A to complete the op- 
code fetch. When the 8202A finishes the second refresh, 
it will see both RD and REFRQ active again, and will 


_ start a third refresh, etc. The system ‘‘locks up’’ with 


the microprocessor sitting in wait states ad infinitum, 
and the 8202A doing one refresh cycle after another. 


* 


Figure 15. Improper Transparent 
Refresh Generation 


To prevent this from happening, the transparent refresh 
circuit should be modified as shown in Figure 16. In this 
circuit, REFRQ cannot be activated until the opcode 
fetch is already in progress, as indicated by SACK being 
active (remember, SACK is never active during a 
refresh). If the microprocessor tries to do an opcode 
fetch while the 8202A is doing a refresh, REFRQ will 


~ not be active; the 8202A will finish the refresh and see 


only RD active, and will start the opcode fetch; only 
then will REFRQ be activated. 


Figure 16. Generating Transparent 
Refresh For 8085A Systems 


Cycle Timing Generator 


The Cycle Timing Generator consists of a travelling- 
ones shift register and combinational logic required to 
generate all the RAM control signals and SACK and 
XACK. All timings are generated from the 8202A’s in- 
ternal clock; no external delay lines are ever needed. The 
timing of these signals relative to CLK is illustrated in 


ant Figure 17. 


When the cycle is complete, the Cycle Timing Generator 
sends an end-of-cycle (EOC) pulse to the arbiter to 
enable it to respond to new or pending cycle requests. 


Minimum and maximum values for the 8202A 
parameters tcp (Command to RAS active delay) and tcc 
(Command to CAS active delay) differ by one 8202A 
clock period. This is because the commands (RD, WR, 

ALE) must be synchronized to the 8202A’s clock; this 
introduces a + one clock period (tp) uncertainty due to 
the fact that the command may, or may not be sampled 
on the first clock after it goes active, depending on the 
set-up time. If RD or ALE and WR are synchronous to 
the 8202A’s clock, and the set-up time (tgc) is met, the 
smaller number of clock periods will apply. 

All 8202A output timings are specified for the 
capacitive loading in the data sheet. Typical output 
characteristics are shown in the data sheet for capacitive 
loads ranging from 0 to 660 pF, these can be used to 


calculate the effect of different loads than those 


specified in the data sheet on output timings. All ad- 
dress, RAS, CAS, and WE drivers are identical, so these 
characteristic curves apply to all outputs. 


SACK AND XACK 


Because refresh cycles are performed asynchronously to 
the microprocessor’s operation (except during 
transparent refresh), the microprocessor cannot know 
when it activates RD or WR if a refresh cycle is in pro- 
gress, and therefore, it can’t know how long it will take 
to complete the memory cycle. 


This added consideration requires an acknowledge or — 


‘‘handshake’’ signal from the 8202A to tell the 
microprocessor when it may complete the memory 
cycle. This acknowledge would be used to generate the 
microprocessor’s READY input — the microprocessor 
will sit in wait states until the 8202A acknowledges the 
memory cycle. Two signals are generated for this pur-. 
pose by the 8202A; they are called system acknowledge 
(SACK) and transfer acknowledge (XACK). They serve 
the same purpose but differ in timing. 


XACK is a Multibus-compatible signal, and is not ac- 
tivated until the read or write cycle has been completed 
by the RAMs. In a microprocessor system, however, 
there is a considerable delay from when the 8202A 
acknowledges the memory cycle until the micro- 
processor actually terminates the cycle. This delay is due 
to the time required to combine this acknowledge with 
other sources of READY in the system, synchronize 
READY to the microprocessor’s clock, sample the state 
of READY, and respond to an active READY signal. 
As a result, more wait states than necessary may actual- 
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Figure 17. 8202A Timing Relative To CLK 
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ly be generated by using XACK. SACK is activated 
earlier in the cycle to improve performance of 
_microprocessors by compensating for the delays in the 


microprocessor responding to XACK, and thus 
eliminating unneeded wait states which might be 
generated as a result of XACK timing. The system 


option. 


SACK and XACK are activated by the Cycle Timing 


Generator, but they can be de-activated only by the 
microprocessor removing its RD or WR request, or by 
activating ALE when in the advanced read mode. As the 


_SACK and XACK signals are used to generate READY 
_ for the microprocessor, this is necessary to give the 
microprocessor as much time as it needs to respond to 
its READY input. 


~ 


Delayed SACK Mode 


SACK may be activated at one of two different times in 


18). Delayed SACK occurs if the memory request was 
received by the 8202A while it was doing a refresh cycle. 
In this case, the memory cycle will be delayed some 
length of time while the refresh cycle completes; SACK 
is delayed to ensure the microprocessor will generate 
enough wait states. This is a concern mostly for read 
cycles. 


Because of the way the delayed | SACK mode is im- 
plemented in the 8202A, if the RD or WR input is ac- 


tivated while a refresh cycle is in progress, regardless of 


whether or not the 8202A is chip-selected, the internal 
delayed SACK mode flip-flop will be set. The next 


i 


designer may use one or the other acknowledge signal, . 
or use both in different parts of the system, at his 


the memory cycle; the earlier case is called ‘‘normal 
SACK’’ and the later is called ‘‘delayed SACK’”’ (Figure 


8202A memory cycle will have SACK delayed, even if 
that cycle was not actually delayed due to a refresh cycle 


_ in progress. The delayed SACK flip-flop will be reset at 


DELAYED SACK 


NORMAL SACK 


Figure 18. Delayed SACK Mode 


6-16. 


the end of that cycle, and the 8202A will return to nor- 
mal SACK operation. The same thing happens in Ad- 
vanced Read mode if S1 is high at the falling edge of 
ALE during a refresh cycle, once again regardless of the 
state of PCS. 


| 


8203 


The 8203 is an extension of the 8202A architecture 
which allows the use of 64K dynamic RAMs. It is pinout 
compatible with the 8202A and shares identical A.C. 
and D.C. parameters with that part. The description of 
the 8202A applies to this part also, with the modifica- 
tions below. 


ENHANCEMENTS 


1. Supports 16K or 64K dynamic RAMs. 4K RAM 
mode, selected by pulling AL¢/OP3 (pin 18) to 
+ 12v, is not supported. 


2. Allows a single board design to use either 16K: 
or 64K RAMs, without changing the controller, 
and only making between two and four jumper 
changes to reconfigure the board. 


3. May operate from external TTL clock without 
the + 12v pull-up which the 8202A requires (a 
+ 5v or + 12v pull-up may be used). 


The pinout of the 8203 is shown in Figure 19. This 
pinout is identical to the 8202A, with the exception of 
the five highlighted pins. The function of these is 
described below. The simplified block diagram is similar 
to the 8202A’s, in Figure 11. 
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Fig. 19 8203 Pinout 
16K Mode and 64K Mode 


The goal of the 8203 is to provide a pin- and timing- 
compatible upgrade of the 8202A for use with 64K 
RAMs. The difficulty in doing this-is that 64K RAMs re- 
quire an additional address input compared to 16K 
RAMs, and thus the 8203 needs three more pins (one 
more RAM address output, and two more inputs to its 
internal address multiplexer). Since all but one of the 


GS (32K WORDS) “— J4 33 
CS (64K WORDS) “od O 
ES (128K WORDS) 43 


RAMs. Pin 35 (16K/64K) contains an internal pull-up 


— some functionality must ar coriti sal oe ai 


_RAM support. The 8203 reduces the maximum cone 


of banks supported from four to two aoe 64K RAMs. fe fae Oe e 

°F Poe 5% cs 
Pin 35 (16K/64K) is used to tell the 8203 whether itis be- he 
ing used to control 16K RAMs or 64K RAMs. When — ir i te sige 
tied to V., or left unconnected, the 8203 operates in the ey eae 
16K RAM mode; in this mode all the remaining pins | rey tet oe 
function identically to the 8202A. When tied to ground, - Bae es nats 
it operates in the 64K RAM mode, and pins 23. through 2 Bab a 
26 change function to enable the 8203 to support 64K a 71 
—when unconnected, this input is high, and the 8203 _ he eo 
operates identically to the 8202A. This maintains pinout 
compatibility with the 8202A, in which pin 35isano- 
connect, so the 8203 may be used in Sa. sockets = ec Re 
no board modifications. | Be AA te 


“¥ + Ps = a rake 


® 
> 
re 


AK toe 


When the 8203 is in the 64K RAM ee fouciai 


change function, as shown in Table 2. The pins hand i 

function in this particular way to allow laying out | 

board to use either 16K or 64K RAMs with a minimum — 

of jumpers, as shown in Figure 20. This figure shows ihe: * a Ns, * 
8203 with two banks of RAM. Banks O and 1 maybe = 
either 16K RAMs or 64K RAMs; banks 2 and 3 may on-— io ee a * oS 
ly be 16K RAMs, as the 8203 supports two banks of 64K Bin ce 
RAM. For clarity, only those connections which are im- = 

portant in illustrating the 8203 jumper PRtGRE are eg 

shown. 
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16K RAM JUMPER OPTION 


J1-J4 (32K WORDS) 


J1-J2 (64K WORDS) 


TO RAS OF BANK 2 
. (2118 ONLY) 


TO RAS OF BANK 3 
(2118 ONLY) 


64K RAM JUMPER OPTION | 


J2-J4 (64K WORDS) 
J3-J4 (128K WORDS) 
J5-J6 


J7-J8 


Figure 20. 8203 Jumper Options ; ‘ od 
‘l parser pede, oe eee ee aa eral A” 


Table 2. 16K/64K Mode Selection 


Address Output (OUT7) 
Address Input (AL7) 
Address Input (AH7) 


Bank Select (Bo) 
Bank Select (B}) 
RAS; Bank Select (Bo) 


Jumpers J1-J4 may be used to chip select the 8203 over 
various address ranges. For example, if two banks of 
16K RAMs are replaced with two banks of 64K RAMs, 
the address space controlled by the 8203 increases from 
32K words to 128K words. If four banks of 16K RAMs 
are replaced with one bank of 64K RAMs, no chip select 
jumpers are needed. 


In the 64K RAM mode, pins 24 and 25 (Bo(AL7) and 
B,(AH7)) change function from bank select inputs to 
address inputs for the 64K RAM. Since the bank select 
inputs normally come from the address bus anyway, no 
jumper changes are required here. The bank select func- 
tion moves to pin 26 (RAS4(Bp)); since only two bank of 
64K RAM is supported, only one bank select input is 
needed in this mode, not two. Jumpers J6 and J7 are 
shorted in the 64K RAM mode to connect pin 26 (Bo) to 
the address bus. In the 16K RAM mode, these jumpers 
must be disconnected, as pin 26 junctions as the RAS} 
output; in the 64K RAM mode, this bank is not popu- 
lated, so RAS; is not needed. 


Pin 23 serves two functions: in the 16K RAM mode it is 
the RAS output for bank 2 (RAS»), in the 64K RAM 
mode is the high order RAM address output (OUT7), 


AHo.6 


ALo-6 


Xo, OP2 
Xx KLK OSCILLATOR ae. 


oe 
oe COUNTER 


sg 


which goes to pin 9 of the 64K RAMs. This requires no 
jumpers as when using 16K RAMs, pin 9 is a no- 
connect, and when using 64K RAMs, bank 2 is 
depopulated, so RAS) is not used. 


This arrangement allows converting a board from 16K 
RAMs to 64K RAMs with no change to the controller 
and changing a maximum of three jumpers. 


+ 5v External Clock Option 


Just as with the 8202A, the user has the option of an ex- 
ternal TTL clock instead of the internal crystal 
oscillator as the timing reference for the 8203; unlike the 
8202A, he does not need to tie pin 36 (X9/0P2) to + 12v 
to select this option—this pin may be tied to either + Sv. 
or +12v. If pin 36 is tied to + 12v, a 1K ohm (+ 5%) 
series resistor must be used, just as for the 8202A. If pin 
36 is tied to + 5v, it must be tied directly to pin 40 (V¢,) 
with no series resistor. This is because pin 36 must be 
within one Schottky diode voltage drop (roughly 0.5v) 
of pin 40 to select the external TTL clock option; a 
series resistor may cause too great a voltage drop for the 
external clock option to be selected. For the same 
reason, the trace from pin 36 to 40 should be kept as 
short as practical. 


Test Cycle 


An 8203 test cycle is requested by activating the RD, 
WR, and PCS inputs simultaneously. By comparison, 


an 8202A test cycle requires activating only the RD and 


WR inputs simultaneously, independent of PCS. Like 
the 8202A, and 8203 test cycle resets the address counter 
to zero and performs a write cycle. 
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Figure 21. 8203 Simplified Block Diagram 
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BLOCK DIAGRAM 


A simplified block diagram of the 8203 is shown in 
Figure 21. It is identical to the 8202A except for the 
following differences: 


1. The3:1 address multiplexer is 8 bits wide, instead 
of 7 bits wide, to support the addressing 
requirements of the 64K RAM. 


2. The refresh address counter is 8 bits. This allows 


INTEL iAPX-86 AND iAPX-88 


Device Descriptions 


The iAPX-86 and iAPX-88 are advanced 16-bit 
microprocessor families, based on the 8086 and 8088 
microprocessors, respectively. While both have a similar 
architecture and are software compatible, the 8086 
transfers data over a 16-bit bus, while the 8088 uses an 
8-bit data bus (but has a 16-bit internal bus). 


Min and Max Modes 


In order to support the widest possible range of applica- 
tions, the 8086 and 8088 can operate in one of two 
modes, called minimum and maximum modes. This 
allows the user to define certain processor pins to 
‘‘tailor’’ the 8086 or 8088 to the intended system. These 
modes are selected by strapping the MN/MX 
(minimum/maximum) input pin to V,, or ground. 


it to support RAMs which use either the 128-row © 


or 256-row refresh schemes. Regardless of which 
type of RAM is used, the refresh counter cycles 
through 256 rows every 4 ms. RAMs which use 


128-row re-fresh treat the eighth address bit asa _ 
‘‘don’t care’’ during refresh, so they see the 


equivalent of 128-row refresh every 2 ms. In 
either case the rate of internally-generated 
refresh cycles is, the same—at least one every 
15.6 microseconds. — 


In the minimum mode, the microprocessor supports. 
small, single-processor systems using a minimum of 


components. In this mode, the 8086 or 8088 itself 
generates all the required bus control signals (Figure © 


Zh). 


In the maximum mode, the microprocessor supports 
larger, higher performance, or multiprocessing systems. 
In this mode, the 8086 or 8088 generates status outputs 
which are decoded by the Intel 8288 Bus Controller to 
provide an extensive set of bus control signals, and 
Multibus compatibility (Figure 23). This allows higher 
performance RAM operation because the memory read 


and write commands are generated more quickly than is — 
possible in the minimum mode. The maximum mode is _ 
the one most often used in iAPX-86 and iAPX-88 


systems. 


1 | 8205 
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Figure 22. 8086 Minimum Mode 7 i 
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Figure 23. 8086 Maximum Mode 


Alternate Configuration 


The Alternate Configuration is not an operating mode 
of the 8086 or 8088 per se, but uses TTL logic along with 
the status outputs of the microprocesor to generate the 
RAM read and/or write control signals (Figure 24). The 


‘alternate configuration may be used with the 


microprocessor in either minimum or maximum mode. 
This configuration is advantageous because it activates 
the memory read and write signals even earlier than the 
maximum mode, leading to higher performance. It is 
possible to generate either the RAM read or write signal 


using this configuration, and generate the other RAM 


CLK 


8086 STATUS 
(So.2) 


control signal using the min or max mode in the normal 
configuration. 


Each of the three system configurations may be used 
with buffers on the address, data, or control bus for in- 
creased electrical drive capability. 

Performance vs. Wait States 

Before starting a discussion of timing analyses, it’s 


worthwhile to look at the effect of wait states on the 
iAPX-86 and iAPX-88. 


CLOCKED AMWC 


Figure 24. Alternate Configuration Logic 
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For most microprocessors, the effect of, say, one wait 
state on execution times is straightforward. If a bus 
cycle normally is three clocks long, adding a wait state 
to every bus cycle will make all bus cycles four clocks, 
decreasing performance by 33%. This is multiplied by 
the percentage of time that the microprocesor is doing 
bus cycles (some instructions take a long time to exe- 
cute, so the microprocessor skips a few bus cycles). 


The effect of wait states on the iAP X-86 and iAPX-88 is 
not so straightforward, however. 


The 8086 and 8088 microprocessors consist of two pro- 
cessing units: the execution unit (EU) executes instruc- 
tions, and the bus interface unit (BIU) fetches instruc- 
tions, reads operands, and writes results. During 
periods when the EU is busy executing instructions, the 
BIU ‘‘looks ahead”’ and fetches more instructions from 
the next consecutive addresses in memory; these are 
stored in an internal queue. This queue is four bytes 
long for the 8088 and six bytes long for the 8086; under 
most conditions, the BIU can supply the next instruc- 
tions without having to perform a memory cycle. Only 
when the program doesn’t proceed serially (e. g. a Jump 
or Call instruction) does the EU have to wait for the 
next instruction to be fetched from memory. Otherwise, 
the instruction fetch time ‘‘disappears’’ as it is pro- 
ceeding in parallel with execution of previously fetched 
instructions. The EU then has to wait for the BIU only 
when it needs to read operands from memory or write 
results to memory. As a result, the 8086 and 8088 are 
less sensitive to wait states than other microprocessors 


ACES steno 
S2 $1 So AMWC 
8288 MRDC 


_ Figure 25. 8086 Max Mode System 


which don’t use an instruction queue. The effect of wait = oe 
states on 8086 execution time comparedtothe Motorola = 
68000 and Zilog Z8000 for a typical mix of software is | 


. . ise 
summarized in Table 3.[1] a 
Table 3. Effects of Wait States on Execution Time — Be, a 

Execution Time Increase oz 

Over 0 Wait State are 

Execution Time a 

Processor 1 Wait 3 Wait esse 
States a 

iAPX 86/10 (measured) oe 
Z8000 (computed) eo 
68000 (computed) he 
be 


The BIU can fetch instructions faster thanthe EUcan = 
execute them, so wait states only affect performance to ae 


! he 
the extent that they make the EU wait for the transfer of ete; 
operands and results. How much this affects program - 
execution time is a function of the software; programs oe 
that contain many complex instructions like multiplies = 
and divides and register operations are slowed downless =e ’ 
than programs that contain primarily simple instruc- ae 
tions. The effect of wait states on the 8086 and 8088 is 
always less than on other microprocessors which don’t 
use an instruction queue. : cy SR 

| ee 

[1] From /6-Bit Microprocessor Benchmark Report: _ 7 ee K 
iAPX-86, Z8000, and 68000, publ. by Intel Corp. sea 
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Figure 26. Memory Compatibility Timing 


Timing Analysis 


This section will look at two specific system configura- 
tions to show how the 8203 timing requirements are 
satisfied by the 8086. Methods of determining the worst 
case number of wait states for the various configura- 
tions are also given. 


The timings of the 8202A and 8203 are identical; only 


- the 8203 is referred to for the remainder of this note, but 


all comments apply equally to the 8202A. Al] timings 
are worst case over the range of Ta = 0 - 70°C and 
Vec = + Sv + 10% for the test conditions given in the 
devices’ data sheets. 


Example 1. 8086 Max 
Mode System (5 MHz) 


This example (Figure 25) is representative of a typical 
medium-size microprocesor system. Example | requires 
one wait state (worst case) for memory cycles. Example 


_ 2 also uses an 8086 in Max mode at 5 MHz, but uses ex- 


ternal logic to reduce the number of wait states to zero 


_. for both read and write cycles. 


DYNAMIC RAM INTERFACE 


First, look at the timing requirements of the dynamic 
RAM to ensure they are satisfied by the 8203. Memory 
compatibility timings are shown in the 8203 data sheet 
(Figure 26). Seven 8203 timings are given, not counting 


tap, which will be discussed in the next section. These 


timings are summarized in Table 4. 


Table 4. Memory Compatibility Timings 
(all parameters are minimums) 


Symbol 


Column Address Set-Up Time 
Row Address Set-Up Time 
Column Address Hold Time 
CAS Pulse Width 


Row Address Hold Time © 
RAS to CAS Delay Time 
RAS Hold Time from CAS 


[1]tacopmin = traymin + tascmin = 2p - 40 
This parameter is the minimum RAS active to CAS 
active delay. 


These timings are all a function of the 8203’s clock 
period (t,); they may be adjusted to be compatible with 
slower dynamic RAMs by slowing the 8203’s clock (in- 
creasing t)). The frequency of the 8203’s clock may be 
varied from 18.432 MHz to 25 MHz; for best perfor- 
mance, the 8203 should be operated at the highest possi- 
ble frequency compatible with the chosen dynamic 
RAM. In most cases, tray OF tcas will be the frequency 
limiting parameter, but the 8203 can operate at its max- 
imum frequency with most dynamic RAMs available. 


tasr applies only to refresh cycles. When the 8203 is in 
the Idle state (not performing any memory or refresh 
cycles) the address multiplexer allows the ALo.7 inputs 
(the RAM row address) to propagate through to the 
8203 OUTp.7 pins, which are connected to the RAM ad- 
dress pins. So in read or write cycles, the row address 
will propagate directly from the address bus to the 


6-22 AFN: 02200A 


RAM; the row address set-up time in this case is deter- ADDRESS SET-UP AND HOLD TIME MARGINS ty 
mined by the microprocessor’s timing (see the next sec- . an 
tion). At the beginning of a refresh cycle, the 8203 has The microprocessor must put the memory address on — as 
to switch its internal multiplexer to direct the refresh the address bus early enough in the memory cycle for it mS 
row address to the RAMs before activating RAS; the to pass through the 8203 and meet the row address set- 
tasr parameter in Table 4 refers to this case only. up time to RAS (tasp) requirement of the dynamic x 
RAM (Figure 27). Since the address propagates directly 
Assume the Intel 2164A-20 RAM (200 ns access time) is through the 8203, this set-up time is a function of how 
used. Equations 1(a)-(h) show that this RAM is com- long the microprocessor holds the address on the bus 
patible at the 8203’s maximum operating frequency of before activating the RD or WR command, the address 
25 MHz (t, = 1/(25 MHz) = 40 ns). This frequency delay through the 8203 (tapmax), and how long the 
will be used for now; once the rest of the system timings 8203 waits before activating RAS (tcrmin). This is os 
are calculated, the minimum 8203 frequency which will shown in Figure 28, and calculated in Equation 2. This Ges. 
provide the same system performance can also be deter- and all following equations show timing margins; a ~ : 
mined. positive result indicates extra margin, a zero result says *. 
the parameter is just met, and a negative result indicates 4 
it is not met for worst-case conditions. es 
(a) tasc = tp-30 = 10 (Equation 1.) 
(b) tage = f- 30 = 410 Row Address Set-Up Time Margin (Equation 2.) | 
(tear = "it, ~90- = 190 = CPU Address to RD Delay+ RAS 
(d) tcas = Stp-10 = 190 Active Delay. - Address Delays 
(ce) tran = tp-10 = 30 = TCLCL(SMHz) + TCLML min (8288) + i 
(f) trcpl] = 2tp-40 = 40 tcamin(8203) - [Greater of ss 
(g) trp = 4tp-30 = 130 TCLA Vmax(8086) + TIVOVmax (8282) or 
(h) trsH = Stp-30 = 170 TCLLHmax(8288) + TSHOVmax(8282)] - 
tapmax(8203) - tasr(2164A—20) — 
[1] May be calculated as ta Pe ae | 
trcpmin = traymin + tascmin = 2tp - 40 ' [Greater of (110 + 30) or (15 + 45)] - 40-0 
= 400 . 
2 
J 
5 
DATA BUS é: 
Figure 27. Address Set-Up and Hold Time Margins | a a 
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Address Hold Time Margin (N = 0) 


Similarly, the microprocessor must maintain the 
memory address long enough to satisfy the column ad- 
dress hold time (tcay) of the RAM; the 8203 Tapmin 


parameter should be used for this calculation. 
! 


More importantly, the 8203 bank select (Bo.;) inputs are 
also not latched; these are used directly to decode which 
RAS output is activated during read or write cycles, so 


these inputs must be held valid until RAS goes inactive. 
Since Bo.; are usually taken directly from the address . 


bus, this determines the address hold time required of 
the system (Figure 29). These are easily satisfied by the 
8086 as shown by Equation 3. N represents the number 
of wait states. This equation can be tried with various 
values for N (starting with 0 and increasing) until the 
equation is satisfied, or it can be set equal to zero 
(meaning no excess margin remains) and solved for N 
directly; the fractional value for N that results must be 
rounded up to get the worst-case number of wait states 
to satisfy this particular parameter. No wait states are’ 
required to meet address hold times. 


(Equation 3.) 
= CPU Address Hold Time, from 
RD Active - RAS Inactive Delays 
= (3+N)TCLCL(SMHz) + 
TCLLHmin(8288)[1] + TSHOVmin(8282)- 
TCLMLmax(8288) - tccmas(8203) - 
— trgymax(8203)I2] 
= 3(200) + 2 + 10-35 - [4(40) + 85] - 
[5(40) + 30] 
= 102 


READ DATA ACCESS TIME MARGIN 


Read data access times determine how many wait states 
are required for read cycles. Remember that dynamic 
RAMs have two access time parameters, RAS access 
time (tac) and CAS access time (tcac). Either one may 
be the limiting factor in determining RAM access time, 
as explained in the section Dynamic RAM - Access 
Times, above. Here tcac is the limiting factor, as 


tccmax + tcacmax 2 tcrmax + tracmax. 


This timing is shown in Figures 30 and 31, and is 
calculated in Equation 4. In this system, one wait state is 
required to satisfy the read data access time re- 
quirements of the system; the margin is -50 ns, which is 
too large a difference to be made up by using a faster 
RAM. 


[1] Not specified — use 2 ns 


[2] Not specified in 8203 data sheet; 
trsHmax(8203) = 5tp + 30 


OE STB 
748373 


Figure 30. Read Data Access Time Margin 
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Read Data Access . (Equation 4.) Write Data Set-Up Time Margin (Equation 5.) 
Time Margin (N = 0) = CPU WR Active to Data Valid Delay + 
= CPU RD Active to Data Valid Delay - CAS Delay - Data Delay 
CAS Active Delay - Data Delays | = TCLMLmin(8288) + tccmin(8203) - 
= (2+N)TCLCL(SMHz) - TCLMLmax(8288) TCLDVmax(8086) - TIVOVmax(8286) - 
ek tccmax(8203) - tcacmax(2164A—20) - tpsmin(2164A-20) 
| tpmax(74S373)!] - TIVOVmax(8286) - = 10 + [3(40) + 25] - 110- 30-0 
TDVCLmin(8086) ears 
7 — - 35 - [4(40) + 85] - 110- Write Data Hold Time | (Equation 6.) 
30 oa 30 sia Margin (N = 0)- 
= -80=>1 wait state needed (N = 1) = CPU Data Hold Time, from AMWC 
. Active + Data Delays - CAS Active Delay 
WRITE DATA SET-UP AND HOLD TIME MARGINS = (2 + N)TCLCL(SMHz) + TCLCHmin(8284A) 
r a Se dik ota 7 y + TCHDXmin(8086) + TIVOVmin(8286) 
n write cycies, the write data must - TCLMLmax(8288) - tccmax(8203) - 
) 1. reach the dynamic RAMs long enough before Ly ee etree 10 
CAS to meet the RAM’s data set-up time = 2(200) + [7(200) - 15] + 
parameter, tps (Figures 32 and 33), and. et ~ 35 - [4(40) + 85] - 45 
2. be held long enough after CAS to meet the [1] t,(74S373) is the greater of tpy, (from data) or 
RAM’s data hold time parameter (tp}) (Figures tp_H (from data) and is compensated for V,, and 
32 and 34.) temperature variations, and is derated for a 
300,F load (T.I. spec is at 15,F). 
Data set-up time margin is calculated in Equation 5, and tp(74S373) = 13ns + 0.05ns/,F(300 - 15),F 
data hold time margin is given in Equation 6. Again, + 2.75ns = 30ns. 
m these are margins, so a positive number indicates that Where 13ns is T.I. spec value 
system timing requirements are met for worst-case tim- 0.05ns/,F is derating factor 
' ings. Data hold time is a function of the number of 8086 for excess capacitive load 
wait states, represented as N, as is the read data access (300 - 15) is excess capacitive 
time margin. No wait states are required to meet this load 2.75 is compensation for 
parameter. Ta and V,, variation 
A18-19 Sy 
Le Tf fae BUS 
bee ot Figure 32. Write Data Set-Up and Hold Time Margins 
pe, ; * . c 
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SACK SET-UP TIME MARGIN 


As explained earlier, SACK (and XACK) are ‘‘hand- 
shaking”’ signals used to tell the microprocessor when it 
may terminate the bus cycle in progress. Thus, SACK 
‘timing determines how many waii states will be 
generated, as opposed to how many wait states are ac- 
tually required for proper operation, which is determin- 
ed by the read data access time for read cycles and by 
the write data hold time for write cycles. If SACK 
causes more wait states than are required, there is a per- 
- formance penalty, but the system operates; if too few 
wait states are generated, the system will not function. 


SACK and XACK serve the same function; they differ 
only in timing. XACK is Multibus compatible, and is 
activated only when the read data is actually on the bus 
(in a read cycle) or when the write data has been latched 
into the RAM (in a write cycle). SACK is activated 
earlier in the memory cycle than XACK to compensate 
for delays in the microprocessor responding to this 
signal to terminate the cycle. Use of SACK is normally 
preferable, as it results in the fewest possible wait states 
being generated. But in some systems, SACK will not 
generate a sufficient number of wait states, so XACK or 
a delayed form of SACK must be used. Note that the 
number of wait states generated by SACK and XACK 
will vary, depending on whether a refresh cycle is in pro- 


gress when the memory cycle was requested, and if 


es. Hae a ea eA 


| 


ar 
v“ 


refresh cycle is in progress, how near it is to completion. $s 
SACK is sampled by the 8284A Clock Generator Chip’s 


RDY1 or RDY2 input. The 8284A can be program- 


med to treat these inputs as either synchronous or asyn-_ a 


chronous inputs by tying its ASYNC input (pin 15) 
either high or low, respectively. SACK must be treated | 


as asynchronous unless it has been synchronized to the ce 


microprocessor’s clock with an external flip-flop. 


SACK set- -up time is shown in Figures 35 and 36, and i is 


calculated in Equation 7. This equation indicates that, 
at worst case, one wait state will be generated (n = 1A. 
This satisfies the requirements of the system, name 
one wait state for reads and zero (or more) wait states 
for writes. 


SACK Set- t-Up Time me Margin (N = (Eauation Ts a 
= RD or WR Active to ACK Active Delay 
= (N)TCLCL(SMHz) + tppymin(7404)l) - 
TCLMLmax(8288) - tcamax(8203) 
- tgymin(74S74) 
= 0 + 1-35 - [2(40) + 47] - 3 
= -164 = 1 wait state wil be generated (N = AD ae 


ra 


We have only looked at ‘‘worst case’’ SACK set-up time vat 


so far, to determine the maximum pian. of wait states 


that will be generated (assuming no delays due to” Amy. - 


feiresh cycle in progress). We sepa look at. “best 


" Not specified — use 1 ns. 
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case’’ SACK timing also, to make sure enough wait 
states are always generated. Note that in Figure 35, 
SACK goes through an external 74874 flip-flop; this 
samples SACK on-half clock cycle earlier than the 
8284A does (on the same clock edge that activates 
MRDC or AMWC), effectively reducing SACK set-up 
time by one-half clock period. This guarantees the pro- 
per number of wait state will be generated for ‘‘best 
case’’ SACK timing. Adding this flip-flop does not in- 
crease the worst case number of wait states generated by 
SACK. 


In the case where a memory cycle is requested while a 


refresh cycle is in progress, the memory cycle will be 
delayed by a variable amount of time, depending on 
how near the refresh cycle is to completion. This delay 
may be as long as one full memory cycle if the refresh 
was just starting; this time is about 650 ns, depending on 
the 8203’s clock frequency. SACK set-up, read data set- 
up, and write data hold times to the microprocessor’s 
clock are not the same as in the usual case where there is 
no refresh interference. In this case, SACK is delayed 
until the read or write cycle has been completed by the 
RAM, so that there is no possibility of terminating the 
cycle too soon. 


PCS SET-UP TIME MARGIN 


The 8203’s RD, WR, and ALE inputs must be qualified 


by PCS in order to perform a memory cycle. If the PCS 
active set-up time parameter (tpcs) is violated, the 
memory cycle will be delayed. In this case all maximum 
delays normally measured from command (tcr, tcc, 
tca) will be measured instead from PCS active and will 
be increased by tpcs (20 ns). Minimum tcp, tcc, tca 
delays remain the same, but are measured from com- 
mand or PCS whichever goes active later. If tpcg is 
violated, care must be taken that PCS does not glitch 
low while RD, WR, or ALE is active, erroneously trig- 
gering a memory cycle. tpcs is not violated in this 
system, however (Equation 8). 


PCS Set-Up Time Margin (Equation 8.) 

= CPU Address Valid to Command Active 
Delay - PCS Decode Time 

= TCLCL(SMHz) + TCLMLmin(8288) - 
[Greater of TCLAVmax(8086) + 
TIVOVmax(8282) or TCLLHmax(8288) + 
TSHOVmax(8282)] 

- tpmax(8205) -tpcsmin(8203) 

= 200 + 10 - [Greater of (110 + 30) or 
(15 + 45)] - 18 --20 

mer. Se 


RAM DATA OUT HOLD TIME MARGIN 


The 8203 CAS output is only held valid for a fixed 
length of time during a read cycle, after that the RAM 
data outputs are 3-stated. This time is not long enough 
to allow the 8086 to read the data from the bus, so the 
data must be latched externally. This latch should be a 
transparent type and should be strobed by XACK from 
the 8203. Because the minimum time from XACK active 
to CAS inactive is only 10 ns, a latch with a data hold 
time requirement of 10 ns or less (such as a 748373) 
should be used (see Equation 9). 


RAM Data Out Hold Time Margin, 
from XACK Active . 
= tacxmin(8203) + torpmin(2164A - 20) 
- tymin(74$373)() 
= -10 40-10 
= 0 


(Equation 9.) 


OTHER CALCULATIONS 


Equations 3, 4, 6 and 7 may be solved directly for N, 
where N is the number of wait states, to find how many 
wait states are required at a given frequency. Alter- 
natively, a number may be substituted for N and these 
equations solved for the 8086’s clock period, TCLCL, 
to find the maximum microprocessor frequency possible 
with N wait states. Note that the clock high and low 
times (TCHCL and TCLCH) are also a function of 
TCLCL. Be sure to use the proper speed selection of the 
8086 in this calculation, as various A.C. parameters are 
different and the result may be different for different 
speed selections of the 8086, even at the same frequency. 
Be sure to check the other equations at this frequency to 
make sure they are OK, too. 


Finally, for given values of TCLCL and N, Equations 3, 
4, 6, and 7 may be checked to find the lowest 8203 clock 
frequency which will allow the same system per- 
formance, if it is desired to operate at some frequency 
other than the 25 MHz we assumed. 


CONCLUSION 


This design will operate with, at worst case, one wait 
state (except for refresh) at microprocessor frequencies 


‘up to 6 MHz, using slow (200 ns access time) dynamic 


RAMs. At 6 MHz, it is limited by a lack of SACK set-up 


(1) A 748373 must be used to meet this timing re- 
quirement. Even though worst case margin is 0 ns, 
this is not a critical timing, as valid data will hold 
on the latch inputs for a considerable time after 
the RAM outputs 3-state. 
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time. At 5 MHz, the 8203 can be operated at any clock 
frequency from 18.432 MHz to 25 MHz, still with only 
one wait state. 


Example 2. 8086 Alternate 
Configuration System (5 MHz) 


Figure 37 shows another 8086 Max mode system at 5 
MHz, but this time using the Alternate Configuration, 
which allows it to operate with no wait states (except for 
refresh). 


The system in the previous example was limited by 
SACK set-up time. SACK set-up time can be improved 
by sampling SACK later; this has been done by changing 
the clock edge used to sample SACK, allowing roughly 
*4 clock period longer. SACK set-up time (and read data 
access time and write data hold time) margin can also be 
improved by activating the RD or WR inputs of the 8203 
earlier in the 8086’s bus cycle; this is the purpose of the 
extra logic in Figure 37 (I.C.s A8 - All). These generate 
advanced RD and WR signals timed from the falling 
edge of ALE, which occurs roughly “% clock period 
sooner than the MRDC and AMWC are generated by the 
8288 Bus Controller. Altogether, these changes allow 
about one 8086 clock period more set-up time for SACK. 


Let’s look at this logic in more detail. An Intel 8205 
(A8) is used to decode the 8086’s status outputs So_>. An 
opcode fetch, memory read, or memory write decode to 
8205 outputs 4, 5, and 6, respectively. These outputs go 
to the D inputs of two 74874 flip-flops. The Q output of 
flip-flop A10.2 is an advanced memory read signal and 
the Q output of All.2 is an advanced memory write 
signal. As shown in Figure 37, the 8203 is not activated 
for opcode fetches, but it can be if 8205 outputs 4 and 5 
are ORed with the unused 74S00 gate (A9.4) and the Q 
output of A10.2 used instead of Q. Both flip-flops are 
clocked by the falling edge of ALE to generate the ad- 
vanced commands. Flip-flop Al0.1 is clocked by the 
trailing edge of either AMWC (Advanced Memory 
Write Command) or MRDC (Memory Read Command) 
from the 8288 bus controller (A6), indicating that the 
8086 has completed the memory cycle. A10.1, in turn, 
presets both the A1l0.2 and Al1.2 flip-flops to terminate 
the advanced memory read and write signals to the 
8202A. Ai0.1 is then preset to its initial state by ALE 
going active at the start of the next bus‘ cycle. 


Because RAM write cycles are started very early in the 
8086’s bus cycle using this logic, the 8203 will activate 
CAS to the RAMs (latching write data) before the data 
is valid from the 8086. This requires delaying WE to the 
RAMs and performing a “‘late write’’ (explained earlier 
under Dynamic RAMs) in order to allow more time for 
the write data to arrive. But the WE signal must not be 


delayed so long that there is no longer enough data hold 


time, measured from when WE goes active; or that the 


WE active to CAS inactive delay. spec or the RAM 


(tpwz1) is violated. None of the control signals from the 


8086 or 8288 bus controller satisfy both of these timing 
constraints, so such a signal is generated by flip-flop 
Al11.1, which serves to delay AMWC from the bus con- 
troller by an amount of time equal to TCLCH (the low 
time of the 8086’s clock). Al1.1 is also preset by A10.1 
at the end of the memory cycle. The Q output of All.1 
is ANDed with WE from the 8203 by Al4.1 to form a 
delayed RAM WE. As in the the previous example, this 
signal is then ANDed with BHE and AO to form the 
WE for the high and low bytes of RAM, respectively. 


A total of four packages (three 14-pin and one 16-pin) 
of TTL logic are required. 


The dynamic RAM interface timings are identical to the 


last example (Equations | (a)-(h)); 2164A-20 RAMs will 
be used again. 


ADDRESS SET-UP AND HOLD TIME MARGINS 


Address set-up and hold time margins are given in 
Equations 10 and 11, respectively. An 8086-2 
microprocessor has been used instead of the standard 
8086, as this speed-selected part gives better address set- 


up to RD or WR /R times, which this design needs since ‘it 


uses advanced RD and WR commands. 


Row Address Set-Up Time Margin!!! = (Equation 10.) 
= CPU Address to Adv. RD Delay 
+ RAS Delay - Address Delays 


= TCLCHmin(8284A) + TCHLLmin(8288)/2! 
+ tpypymin(74S00)3) + tp; min(74S74)/21 
+ tcrmin(8203) - [Greater of 
TCLA Vmax(8086 - 2) + TIVOVmax(8282) 
or TCLLHmax(8288) + TSHOVmax(8282)] 
- tapmax(8203) - taspmin(2164A-20) 

= [%4(200) - 15] + 2+ 1+ 2 + [(40) + 30] 
- [Greater of (60 + 30) or (15 + 45)] - 40-0 

= 63 


[1] Read or write cycles only. Eq. 1b gives this timing 
for refresh cycles. 

[2] Not specified — use 2 ns. 

[3] Not specified — use 1 ns. 
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panne Hold Time Margin (N = 0) (Equation 11.) 
CPU Address Hold Time from Adv. RD 
Active - RAS Inactive Delays 
(3+N)TCLCL(SMHz) + TCHCLmin(8284A) 
+ TCLLHmin (8288) 

+ TSHOVmin(8282) - TCLMLmax(8288) 
- tccmax(8203) - trspmax(8203) 

(3)200 + ['%4(200) + 2] + 2 + 5-35 

- [4(40) + 85] - [5(40) + 20] 

175 


READ DATA ACCESS TIME MARGIN 


Read data access time margin is shown in Equation 12; 
no wait states are required for read cycles, even with 200 
ns access time RAMs. 
Read Data Access Time (Equation 12.) 
Margin (N = 0) 
Adv. RD to Data Valid Delay - CAS Delay 
- Read Data Delays 
= (2+N)TCLCL(SMHz).+ TCHCLmin(8284A) 

- TCHLLmax(8288) - tp; ymax(74S00) 

- tpypmax(74S74) - tccmax(8203) 

- tceacmax(2164A—20) - tpmax(74S373) 

- TIVOVmax(8286) - TDVCLmin(8086—2) 
= (2)200 + [%4(200) + 2] -15-5-10 

- [4(40) + 85] - 110 - 30 - 30- 20 
= 3 


WRITE DATA SET-UP AND HOLD TIME MARGINS 


Write data set-up and hold times are shown in Equa- 
tions 13 and 14, respectively. No wait states are required 
during write cycles. Note that write data set-up has been 
guaranteed by delaying WE from the 8203 with clocked 
AMWC from the bus controller and performing ‘“‘late 
write’‘ cycles; write data set-up time would not be 
satisfied otherwise. Equation 15 verifies that WE has 
not been delayed too long to meet the RAM’s WE active 
to RAS inactive set-up time (tpw ). The RAM’s WE ac- 
tive to CAS inactive set-up time (tcwy) is also satisfied, 
since CAS does not go inactive until at least 20 ns after 
RAS. 


Write Data Set-Up Time Margin (Equation 13.) 
= CPU Data to Clocked AMWC Set-Up 
+ WE Delays - Data Delays 
= TCLCHmin(8284A) + tpyymin(74S74)l] 
+ (2)tpyyymin(74S32)l) 
- TCLDVmax(8086-2) - TIVOVmax(8286) 
- tpsmin(2164A—20) 
[74(200) - 15] + 2 + (2)2 - 60 - 30- 0 
34 


SACK Set-Up Time Margin (N = 0) 
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Write Data Hold Time 
Margin (N = 0) 
= CPU Data Hold Time from Clocked AMWC 
+ Data Delays - WE Delays 
= (2 + N)TCLCL(SMHz) 
= TCHDXmin(8086—2) + TIVOVmin(8286) - 
- tpyp_max(74S74) - (2)tpyp_max(74S832) 
- tpymin(2164A—20) 
(2)200 + 10 + 5 - 10 - (2)7 - 45 
- 346 


(Equation 14.) 


WE Active Set-Up Time Margin 
to RAS Inactive 
= TCHLLmin(8284A)!!) + tp; ymin(74S00)!2] 
+ tccmin(8203) + tpsymin(8203) 
- tsxgw(74S874)/3] -(2)tpy_max(74S32) 
- trwp_min(2164A—20) - TCLCL(SMHz) 
= 2+ 1 + [3(40) + 25] + [5(40) - 30] 
= Bia (ZIT » 50'2 200 
= 52 


(Equation 15.) 


SACK SET-UP TIME MARGIN 


Equation 16 shows that SACK set-up time is satisfied; 
no wait states will be generated for read or write cycles 
(except for refresh). 


(Equation 16.) 
(1 + N)TCLCL(SMHz) - TCHLLmax(8288) 
- tp, ymax(74S00) - tpypmax(74S74) 

- tcamax(8203) - tsymin(74S74) 
= 200 - 35 -5- 10 [2(40) + 47] - 
20 ; 


Not specified — use 2 ns. 

Not specified — use 1 ns. 

tsxEw(74S74) is max. skew between 

tpy (Q output, from CLK) of two Q outputs in 
same package — use = 2 Ns. 


(1) 
[2] 
[3] 
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Notes: Symbol } indicates connection to Vcc through 1K pull-up. 
——-— indicates additional circuitry to zero wait states. 
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PS Set-Up Time Margin: __(Equation 17.) 
= CPU Address Valid to Adv. RD or Adv. | 
WR Delay - PCS Decode Time 
-TCLCHmin(8284A) + TCHLLmin(8288)l!I 
+ tpyymin(74S00) + tpyrmin(74S74)U) 
_- TCLAVmax(8086—2) - TIVOVmax(8282) 
= tymax(74S138131 - tpcgmin(8203) 
= poe as +2+1+2-60-30- 12-20 
1 

Pcs SET-UP TIME MARGIN 


PCS set-up time for the 8203 (tpcs) is satisfied, but not 
with as much margin in the last example (Figure 17). 
uD Not xt specified — use 2 ns. 
[2] Not specified — use 1 ns. 
3] Must use 748138 to maintain PCS Set-Up 
Time Margin. 
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This is because the RD and WR commands are activated 
earlier in the microprocessor’s bus cycle, leaving less 
time to decode PCS from the address bus. 


CONCLUSION 


This design will operate with a guaranteed zero wait 


states up to 5 MHz using slow (200 ns access time) 
RAMs. At this frequency, it is limited by both read and 
write data set-up times, and to a lesser extent, by SACK 
set-up time. Using faster RAMs will not raise the max- 
imum frequency, as write data and SACK set-up times 
are not affected by the RAM speed. The 8203 operating 
frequency must be 25 MHz. 


This design can be used (with some modifications) to 
allow one wait state performance up to 8086 clock fre- 
quency of 8 MHz. 
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ABSTRACT 


This Application Note shows an error corrected 
dynamic RAM memory design using the 8203 64K 
Dynamic RAM Controller, 8206 Error Detection and 
Correction Unit and 150 ns 64K Dynamic RAMs with a 
minimum of additional logic. 


The goals of this design are to: 

1. Control 128K wordsx16 bits (256 KB) of 64K 
dynamic RAM. 

2. Support 150 ns dynamic RAMs. 


3. Write corrected data back into dynamic RAM when 
errors are detected during read operations. 


4. To use a minimum of additional logic. 
It is not the goal of this design to: 


1. Provide the maximum possible performance. 


2. Provide features like error logging, automatic error 
scrubbing and dynamic RAM initialization on 
power-up, or diagnostics, although these features 
can be added. 


Bo,AH,AL OUT 


RD RASO 
WR 8203 RAS1 


INTERFACE 
LOGIC 


if 


Le 


OE T Ak-LOET = 7A 
mens 8286 


DESIGN 


Figure 1 shows a memory design using the 8206 with 
Intel’s 8203 64K Dynamic RAM Controller and 150 ns 
64K Dynamic RAMs. As few as three additional ICs 
complete the memory control function (Figure 2). 


For simplicity, all memory cycles are implemented as 
single-cycle read-modify-writes, shown in Figure 3. This 
cycle differs from a normal read or write primarily when 
the dynamic RAM write enable (WE) is activated. In a 
normal write cycle, WE is activated early in the cycle; in 
a read cycle, WE is inactive. A read-modify-write cycle 
consists of two phases. In the first phase, WE is inac- 
tive, and data is read from the dynamic RAM; for the 
second phase, WE is activated and the (modified) data is 
written into the same word in the dynamic RAM. 
Dynamic RAMs have separate data input and output 
pins so that modified data may be written, even as the 
original data is being read. Therefore data may be read 
and written in only one memory cycle. 


SYSTEM DATA BUS 


Figure 1. 8203/8206 Memory System 
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In order to do read-modify-writes in one cycle, the 
dynamic RAM’s CAS strobe must be active long enough 
for the 8206 to access data from the dynamic RAM, cor- 
rect it, and write the corrected data back into the 
dynamic RAM. CAS active time is an 8203 spec (tcas), 
and is dependent on the 8203’s clock frequency. The 
clock frequency and dynamic RAM must be chosen to 
satisfy Equation 1. 


(Eq. 1) 
Dynamic Dynamic Dynamic 
8203 RAM 8206 8206 RAM RAM 
tcasmin = teac +TDVQV+ TQVOV +tpst+ tow 
5(54)-10 = 85 Re «te 59 + 0 + 40 
200 S& . 2H v 


we 


The 8203 itself performs normal reads and writes. In 
order to perform read-modify-writes, all that is needed 
is to change the timing of the WE signal. In this design, 
WE is generated by the interface logic in Figure 2—the 
8203 WE output is not used. All other dynamic RAM 
control signals come from the 8203. A 20-ohm damping 
resistor is used to reduce ringing of the WE signal. These 
resistors are included on-chip for all 8203 outputs. 


The interface logic generates the R/W input to the 8206. 
This signal is high for .read cycles and low for write 
cycles. During a read-modify-write cycle, R/W is first 
high, then low. The falling edge of R/W tells the 8206 to 
latch its syndrome bits internally and generate corrected 
check bits to be written to dynamic RAM. Corrected 
data is already available from the DO pins. No control 
signals at all are required to generate corrected data. 


IN 


TTL 


R/W is generated by delaying CAS from the 8203 with a 
TTL-buffered delay line. This allows the 8206 sufficient 
time to generate the syndrome; this delay, tpRLAY 1> 
must satisfy Equation 2. 


(Eq. 2) 
Dynamic 
RAM 8206 
topvay1 2 tcc se DVRS 
250. 85 + 34 
150°: PID. 


The 8206 uses multiplexed pins to output first the syn- 
drome word and then check bits. This same R/W signal 
may be used to latch the syndrome word externally for 
error logging. The 8206 also supplies two useful error 
signals. ERROR signals the presence of an error in the 
data or check bits. CE tells if the error is correctable 
(single bit in error) or uncorrectable (multiple bits in 
error). 


In the event that an uncorrectable error is detected, the 
8206 will force the Correctable Error (CE) flag low; this 
may be used as an interrupt to the CPU to halt execu- 
tion and/or perform an error service routine. In this 
case the 8206 outputs data and check bits just as they 
were read; so that the data in the dynamic RAM is left 
unaltered, and may be inspected later. 


After R/W goes low, sufficient time is allowed for the - 
8206 to generate corrected check bits, then the interface 
logic activates WE to write both corrected data and 
check bits into dynamic RAM. WE is generated by 
delaying CAS from the 8203 with the same delay line 


DELAY LINE 


50 100 150 200 250 


SYSTEM 
ADDRESS 
BUS 


DECODE 
LOGIC 


SYSTEM 
CONTROL 
BUS 


RAM 
ARRAY 


8206 
CONTROL 


8286 
CONTROL 


Figure 2. Interface Logic 
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Figure 3. Single-Cycle Read-Modify-Write 


used to generate R/W. This delay, tpp_ay 2, must be 
long enough to allow the 8206 to generate valid check 
bits, but not so long that the tcw, spec of the RAM is 
violated. This is expressed by Equation 3. 


(Eq. 3) 
Dynamic 
8206 8203 RAM 
tpELaAY! + TRVSV < tpgay2 S tcasmin -— tow, 
I0-. + @2@ s OO s WM - 40 
192 =s 2o0 s 2 ad 


Unlike other EDC chips, errors in both data and check 


bits are automatically corrected, without programming 


the chip to a special mode. 


Since the 8203 terminates CAS to the dynamic RAMs a 
fixed length of time after the start of a memory cycle, a 
latch is usually needed to maintain data on the bus until 
the 8086 completes the read cycle. This is conveniently 
done by connecting XACK from the 8203 to the STB in- 
put of the 8206. This latches the read data and check 
bits using the 8206’s internal latches. 


The 8086, like all 16-bit microprocessors, is capable of 
reading and writing single byte data to memory. Since 
the Hamming code works only on entire words, if you 
want to write one byte of the word, you have to read the 
entire word to be modified, do error correction on it, 
merge the new byte into the old word inside the 8206, 
generate check bits for the new word, and write the 


whole word plus check bits into dynamic RAM. A byte 
write is implemented as a Read-Modify-Write. | 


Why bother with error correction on the old word? Sup- 
pose a bit error had occurred in the half of the old word 
not to be changed. This old byte would be combined 
with the new byte, and new check bits would be gener- 
ated for the whole word, including the bit in error. So 
the bit error now becomes ‘‘legitimate’’; no error will be 
detected when this word is read, and the system will 
crash. You can see why it is important to eliminate this 
bit error before new check bits are generated. Byte 
writes are difficult with most EDC chips, but easy with 
the 8206. 


Referring again to Figure 2, the 8206 byte mark inputs 
(BMo, BM)), are generated from AO and BHE, respec- 
tively, of the 8086’s address bus, to tell the 8206 which 
byte is being written. The 8206 performs error correc- 
tion on the entire word to be modified, but tri-states its 
DO/WDI pins for the byte to be written; this byte is 
provided from the data bus by enabling the correspon- 
ding 8286 transceiver. The 8206 then generates check © 
bits for the new word. 


During a read cycle, BMy and BM; are forced inactive, 
i.e., the 8206 outputs both bytes even if 8086 is only 
reading one. This is done since all cycles are imple- 
mented as read-modify-writes, so both bytes of data 
(plus check bits) must be present at the dynamic RAM 
data input pins to be rewritten during the second phase 
of the read-modify-write. Only those bytes actually be- 
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~ CONCLUSION Pra any 
_ Thanks to the use of a 68-pin package, the 8206 Error 
- Detection and Correction Unit is able to implement an 
architecture with ‘separate 16 pin input and output 
busses. The resulting simplification of control require- 
- ments allows error correction to be easily added to an 
8203 memory subsystem with a minimal amount of 
interface logic. =~ . ) , 
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INTRODUCTION 


Most microprocessor based workstation designs to- 
day use large amounts of DRAM for program storage. 
A drawback to DRAMs is the many critical timings 
that must be met. This control function could easily 


- equal the area of the DRAM array if implemented with 


discrete logic. 


~ The VLSI 8207 Advanced Dynamic RAM Controller 


(ADRC) performs complete DRAM timing and con- 
trol. This includes the normal RAM 8 warm-up cycles, 
various refresh cycles and frequencies, address 
multiplexing, and address strobe timings. The 8207’s 
system interface and RAM timing and control are pro- 


grammable to permit it to be used in most © 


applications. 


Integrating all of the above functions (plus a dual port 
and error correcting interfaces) allows the user to 
realize significant cost savings over discrete logic. For 
example, comparing the 8207 to the iSBC012B 512K 
byte RAM board (where the DRAM control is done 
entirely with TTL), an 8207 design saved board space 
(3 in2 vs 10 in2); required less power (420 ma vs 
1220 ma); and generated less heat. Moreover, design 
time was reduced, and increased margins were a- 
chieved due to less skewing of critical timings. This 
comparison is based on a single port design and did 
not include the 8207’s RAM warm-up, dual-port and 
error correcting features. If these features were fully 
implemented, there would be no change to the 8207 
figures, listed above, while the TTL figures would easi- 
ly double. 


SYSTEM 
RESET 


This Application Note will illustrate an iAPX design 
with the 8207 controlling the dynamic RAM array. The 
reader should be familiar with the 8207 data sheet, the 
80186 data sheet, and a RAM data sheet*. 


DESIGN GOALS 


The main objective of this design is for the 80186 to 
run with no wait states with a Dynamic RAM array. 
The design uses one port of the 8207. The dual port 
and error correcting interfaces of the 8207 are covered 
in separate Application Notes. 


The size of the RAM array is 4 banks of 64k RAMs 
or 512k bytes. The memory is to be interfaced locally 
to the 80186. 


USING THE 8207 


The three areas to be considered when designing in 
the 8207 are: 


® 8207 programming logic 
e Microprocessor interface 
@ RAM array 


8207 Programming 


The 8207 requires up to two 74LS165 shift registers 
for programming. This design needs one 8 bit shift 
register, as shown in Figure 1. The 16 bits in the Pro- 
gram Data Word are set as shown in Figure 2. Refresh 
is done internally, so the REFRQ input must be tied: 
high. The memory commands are iAPX 86 status, so 


8207 


A DATA IN G 4H 


‘Figure 1. 8207 programming shift registers 


“All RAM references in this Application Note are based on intel’s 2164A 64k Dynamic RAM. 
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NOTE: THE 8207 REQUIRES SERIES RESISTORS ON ALL OUTPUTS TO RAM. 


Figure 3. 80186 to 8207, non-ECC, synchronous system single port. 


the timing of EAACK will always guarantee 2 clocks 
of address hold time from RAS. 


_ Acknowledge Setup Time 


The margin between the 8207 issuing EAACK and the 
80186 ready input for no wait states minus delays from 
clock edges, logic delays, and setup time is calculated 
as follows. 
1 clock - 8207 TCLAKL max -74S30 tPLH @ 
15 pf - 80186 TSRYCL 2 0 


125 ns - 35 - 22 - 35 = 33 ns 


Read Access Margin 


The 8207 starts a memory cycle on the falling clock 
edge between the 80186’s Tl and T2. Data must be 
valid within 2 clocks. Valid data from the RAMs is 


6-45 


based upon the CAS access period minus buffer, 
clock, setup requirements. 


2 TCLCL - 8207 TCLCSL @ 150 pf (t34) - 
DRAM tCAC - 748240 propagation delay @ 
50 pf - additional bus loading delay 
(250 pf)(l) - 748240 delay @ 50 pf - 80186 
TDVCL 2 0 


250 ns - 122 - 85 -7-7-7-20=2 ns 
Write Data Setup and Hold Margin 


Data from the processor must be valid when WE 
is issued by the 8207 to meet the RAM specifica- 
tion tDS (2164A = 0 ns), and then held for a 
minimum of 30 ns.. 

(1) 74STTL logic derated by .05 ns/pf. 74STTL 
buffers (240, 37) derated by .025 ns/pf. 
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Figure 2. Program data word 


the PCTLA input must be high when RESET goes 
inactive. 


The differential reset circuit shown in the Data Sheet 
is necessary only to ensure that memory commands 
are not received by the 8207 when Port A is changed 
from synchronous to asynchronous (vice versa for 
Port B). This design keeps Port A synchronous so no 
differential reset circuit is needed. 


Microprocessor Interface 


To achieve no wait states, the 8207 must connect 
directly to the microprocessor’s CLKOUT and status 
lines. The 8207 Acknowledge (EAACK) must connect 
to the SRDY input of the 80186. 


When the 80186 is reset, it tristates the status lines. 
The 8207 PCTLA input requires a high to decode the 
proper memory commands. This is accomplished by 
using a pull-up resistor or some component that 


incorporates a pull-up on S2. 


The 8207 address inputs are connected directly to the 
latched/demultiplexed address bus. 


RAM Array 


The 8207 provides complete control of all RAM tim- 
ings, warm up cycles, and refresh cycles. All write 
cycles are ‘‘late writes.’’ During write cycles, the data 
out lines go active. This requires separate data in/out 
lines in the RAM array. 


To operate the 80186 with no wait states, it is necessary 


to chose sufficiently fast DRAMs. The 150 ns version 
- of the 2164A allows operating the 80186 at 8 MHz, 


| 


and the 200 ns version up to 7 MHz. 
HARDWARE DESIGN 


Figure 3 shows a block diagram of the design, and 
Figure 4 is a timing diagram showing the relationship 
between the 8207 and the 80186. 


8207 Command Setup 


Two events must occur for a command to be recog- 
nized by the 8207. The 80186 status outputs are sam- 
pled by a rising clock edge and Port Enable (PE) is 
sampled by the next falling clock edge (refer to the 
Data Sheet wave forms). 
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The command timing is determined by the period be- 
tween the status being issued and the first rising clock 
edge of the 8207, minus setup and delays. 


80186 status valid to 8207 rising clock - status from 
clock delay - 8207 setup to clock 2 0 


1 TCLCL - 80186 TCHSV max - 8207 TK VCH 
min 20 


125 ns - 55 - 20 = S50 ns 


PE is a.chip select for a valid address range. It can 
be generated from the address bus or from the 80186’s 
programmable memory selects. This design uses an 
inverted Al9. The timing is determined by the inter- 
val between the address becoming valid and the fall- 
ing clock edge, minus setup and delays. 


80186 address valid to 8207 falling clock edge 
- 80186 address from clock delay - 8283 latch 
delays - 8207 PE setup 2 0 


1 TCLCL - 80186 TCLAV max - 8283 IVOV @ 
300 pf - 8207 TPEVCL 2 0 


125 ns - 44 - 22 - 30 = 29 ns 
The hold times are 0 ns and are met. 


Address Setup 


For an 80186 design, the 8207 requires the address to 
be stable before RAS goes active, and to remain stable 
for 2 clocks. Unused 8207 address inputs should be 
tied to Vcc. 


tASR is a RAM specification. If it is greater than zero, 
this must be added to the address setup time of the 
8207. Address setup is the interval between addresses 
being issued and RAS going active, minus appropriate 
delays. 


80186 address valid to 8207 RAS active - 
80186 address from clock delay - bus delays - 
(8207 setup + RAM tagp) 2 0 A 


TCLCL + 8207 TCLRSL min @ 150 pf(!) - 
80186 TCLAV max - 8283 IVOV max @ 300 pf 


125 ns + 0 - 44 - 22 - (35 + 0) = 24 ns 


The address hold time of 2 clocks + 0 ns is always 
met, since the addresses are latched by the 8282/3. 
Even when the processor is in wait states (for refresh), 


(1) Not specified—use 0 ns. 
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TCLCL + TCLCH + 8207 TCLW min(1) + 62.5 ns +10 +243 474952383 2 \ 


74837 delay tPHL min @ 50 pf + additional 
loading (142 pf) - 80186 TCVCTV - 
74S240tPZL - bus delays (250 pf) - 748240 
delay - 2164A tDS 2 0 


3.5 - 30 = 19.5 ns 


All margins are actually better by about 10-20 ns. No 
improvement in timing was allowed for lower 
capacitive loads when additional buffers are used (i.e. 
the 80186 address out delay is at 200 pf, but the 8283 
latch only loads these lines with about 20 pf). 


125 + 62.5 * 0 +63 + 3.5 = 70 = [15 = 7 =F «= 
O = 98.5 ns 


The hold time, tDH, is from WE going low to the 
80186 DEN going high plus buffer delays minus 
WE from clock delays. SUMMARY 

The 8207 supports the 80186 microprocessor run- 
ning with no wait states. The 8207 interfaces easi- 
ly between the microprocessor and dynamic RAM. 
There are no difficult timings to be resolved by 
the designer using external logic. 


TCLCL - 80186 TCVCTX min + 74832 
tPD(2) min + 748240 tPHZ (min)(2) + 250 pf 
bus delays + 748240 propagation delay min - 
8207 TCLW max - 74837 tPHL @ 50 pf - 
142 pf loading delays - DRAM tDH 2 0 
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8207 RAS1 
8207 CASO 
8207 CAS1 

8207 WE 


8207 EAACK 
80186 (SRDY) 


WRITE 
CYCLE 


REFRESH READ CYCLE: 


_ NOTES: 
1. COMMAND SETUP MARGIN 
2, PE SETUP MARGIN 
3. EAACK SETUP MARGIN 
4. DATA SETUP MARGIN 
5. READ ACCESS MARGIN 


Figure 4. 8207/80186 timing relationship 


(1) Not specified, use 0 ns. 
(2) Not specified, use one half of typical value. 
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INTRODUCTION 


The 80286 high speed microprocessor pushes 
microprocessor based systems to new performance 
levels. However, its high speed bus requires special 
design considerations to utilize that performance. In- 
terfacing the 80286 to a dynamic RAM array require 
many timings to be analyzed, refresh cycle effects on 
bus timing examined, minimum and maximum signal 
widths noted, and the list continues. \ 


The 8207 Advanced Dynamic RAM Controller was 
specifically designed to solve all interfacing issues for 
the 80286, provide complete control and timing for 
the DRAM array, plus achieve optimum system per- 
formance. This includes the normal RAM 8 warm- 
up cycles, various refresh cycles and frequencies, ad- 
dress multiplexing, and address strobe timings. The 
8207 Dynamic RAM Controller’s system interface and 
RAM timing and control are programmable to per- 
mit it to be used in most applications. 


Integrating these functions (plus dual port and error 
correcting interfaces) allows the user to realize signifi- 
cant savings in both engineering design time, PC board 
space and product cost. For example, in comparing 
the 8207 to the ISBCOI2B 512k byte RAM board 
(where the DRAM timing and control is done entire- 
ly with TTL), the 8207 design saved board space (3 in? 
vs 10 in2); used less power (420 ma vs 1220 ma); 
reduced the design time; and increased margins due 
to less skewing of timings. The comparison is based 
upon a single port 8207 design and does not include 
its RAM warm-up, dual port, error correcting, and 
error scrubbing or RAM interleaving features. 


This Application Note will detail an 80286 and 8207 
design. The reader should have read the 8207 and the 
80286 data sheets, a DRAM data sheet*, and have them 
available for reference. 


DESIGN GOALS 


The main objective of this design is to run the RAM 
array without wait states, to maximize the 80286’s per- 
formance, and to use as little board space as possi- 
ble. The 80286 will interface synchronously to Port, 
A of the 8207 and the 8207 will control 512k bytes 
of RAM (4 bartfks using 64k DRAMs). The dual port 
and error correcting features of the 8207 are covered 
in separate Application Notes. 
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8207 INTERFACE 
The 8207 Memory design can be subdivided into three 
sections: 


e Programming the 8207. 
¢ The 80286/8207 interface. 
¢ The Dynamic RAM array. 


Programming the 8207 


The RAM timing is configured via the 16 bit program 
word that the 8207 shifts-in when reset. This can re- 


quire two 74LS165 shift registers to provide complete | 


DRAM configurability. The 8207 defaults to the con- 
figuration shown in Table 1 when PDI is connected 
to ground. This design does not need the flexibility 
the shift registers would allow since standard 
8207/80286 clock frequencies, DRAM speeds and 


refresh rates are used. Table | details the 8207/80286 | 


configuration and Table 10 in the Data Sheet iden- 
tifies ‘‘CO”’ as the configuration of the 8207 all tim- 
ings will be referenced to (80286 mode at 16 MHz us- 
ing fast RAMs = CO). 


Table 1. Default Non-ECC programming, PD1 
pin (57) tied to ground. 


128 Row refresh in 2 ms; 256 Row refresh in 
4ms 


Fast Processor Clock = am a (16 MHz) 
‘“‘Most Recently Used”’ Priority Scheme 
4 RAM banks occupied 


The 8207 will accept 80286 status inputs when the 
PCTLA pin is sampled low at reset. This pin is not 
necessary for an 80286 design (besides programming) 
and is tied to ground. 


Refresh is the final option to be programmed. If the 
Refresh pin is sampled high at reset, an internal timer 


*All RAM references in this Application Note are based upon intel’s CMOS 51C64-12 64k Dynamic RAM. Any DRAM with similar tim- 


ings will function. Refer to section 4.4. 
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is enabled, and if low at reset, this timer is disabled. 
The first method is the easiest to implement, so the 
RFRQ pin is tied to Vcc. 


The differential reset circuit shown in the Data Sheet 
is necessary only to ensure that memory commands 
are not received by the 8207 when Port A is changed 
from synchronous to asynchronous (vice versa for 
Port B). This design keeps Port A synchronous so no 
differential reset circuit is needed. 


RAM Array 


The 8207 completely controls all RAM timings, warm- 
up cycles, and refresh cycles. To determine if a par- 
ticular RAM will work with the 8207, calculate the 
margins provided by the 8207 (Table 15, 16—8207 
Data Sheet) and ensure they are greater than the RAM 
requirement. An additional consideration is the ac- 
cess times of the RAMs. The access time of the system 
is dependent upon the number of data buffers between 
the 80286 and the DRAMs. To operate the 80286 at 
zero wait states requires access times of 100-120 ns. 
Slower RAMs can be used (150 ns) by either adding 
a wait state’ (programming the 8207 for ‘‘C1’’) or 
reducing the clock frequency (to 14.9 MHz approx- 
imately and maintaining the CO configuration.) 


All write cycles are ‘“‘late writes’’ and the data out lines 
of the RAM will go active. This will require separate 
data in and out lines in the RAM array. Another con- 
sideration for the RAM array is the proper layout of 


the RAM, and impedance matching resistors on the 


8207 outputs. Proper layout is covered in Intel’s RAM 
Data Sheets and Application Notes. 


Microprocessor Array 


To achieve no wait state operation, the 8207’s clock 
input must be connected to the 80286’s clock input. 
The EAACK (early acknowledge) output of the 8207 
must connect to the SRDY input of the 82284. The 
8207’s address inputs connect directly to the 80286 
address outputs and the addresses are latched inter- 
nally. This latch is strobed by an internal signal with 
the same timing as LEN (which is for dual port 80286 
designs). Figure 2 shows the timing relationship bet- 
ween LEN and the 80286. 


LEN will fall from high to low, which latches the bus 
address internally, when a valid command is receiv- 
ed. LEN can go high in two clock cycles if the RAM 
cycle started (RAS going low) at the same time LEN 
went low. If the 8207 is doing a refresh cycle, the 80286 
will be put into wait states until the memory cycle can 


start. LEN will then go high two clocks after RAS 
starts, since addresses are no longer needed for the 
current RAM cycle. Thus the low period of LEN could 
be much longer than listed in the Data Sheet. 


DESIGNING THE HARDWARE 


Figure 1 shows a detailed block diagram of the design 
and Figure 2 shows the timing relationship between 
the 8207 and the 80286. 


The following analysis of six parameters will confirm 
that the design will work. These six system parameters 
are generally considered the most important in any 
microprocessor—Dynamic RAM design. 


8207 Command Setup Margin 


Two events must occur for the 8207 to start a memory 
cycle. Either RD or WR active (low) and PE must be 
low when the 8207 samples these pins on a falling clock 
edge. If PE is not valid at the same clock edge that 
samples RD or WR active, the memory cycle will be 
aborted and no acknowledge will be issed. 


The command setup time is based upon the status be- 
ing valid at the first falling clock edge. 


80286 status valid to 8207 falling clock — 
80286 status from clock delay — 8207 
command setup to clock < 0 

TCLCL — 80286 t12 (max) — 8207 TKVCL 
(min) < 0 

62.5 — 40ns — 20ns = 2.5ns 


PE is decoded from the address bus and must be set 
up to the same falling clock edge that recognizes the 
RD, WR inputs. This margin is determined from the 
clock edge that issues the address and the clock edge 
that will recognize RD or WR, minus decoding logic 
delays. 


There are 2 clocks between addresses being issued by 
the 80286 and PE being sampled by the 8207. Then 
the 80286 address delay from the clock edge and 
decoding logic delays are subtracted from this inter- 
val. This margin must be greater than 0. 


2TCLCL — 80286 t13 (max) — 8207 TPEVCL 
(min) < 0 
125 — 60 — 30 = 35ns 

The address decode logic must use no more than 35 ns 


(and less is better). Figure 3 shows an easy implemen- 
tation which uses a maximum of 12 ns. 


The 8207 requires a zero ns hold time and is always 
met. 
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NOTE: THE 8207 REQUIRES SERIES RESISTORS ON ALL OUTPUTS. 


Figure 1. 80286 to 8207, non-ECC, Synchronous System Single Port 
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Figure 2. 80286/8207 Timing—‘‘CO”’. 


Figure 3. Address Decode Logic 
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Address Setup Margin 


The 8207 must have stable addresses up to two clocks 
after RAS goes active. This is of no concern to the 
user, since LEN latches the address internally and will 
not admit a new address until two clocks after RAS 
goes active. 


Addresses must be stable at least 35 ns (t(AVCL) before 


RAS goes active to allow for propagation delays 
through the 8207, if a RAM cycle is not delayed by 
the 8207. 


tASR is a RAM specification. If it is greater than zero, 
tASR must be added to the address setup time of the 
8207. Address setup is the interval between addresses 
being issued, by the 80286, and RAS going active, 
minus appropriate delays. 


The margin is determined from the number of clocks 
between addresses being issued from the 80286 to RAS 
going active. Exactly when RAS goes active is unim- 
portant, since here we are interested only in the clock 
edge. 

2TCLCL — 80286 t13 (max) — 8207 TAVCL 

(min) < 0 

125 — 60ns — 35ns = 35ns 


Ts Tc 
| $1 | 42 
EAACK 
+ : 
Ts | c 42 
| $1 | 
% 
EAACK 
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Acknowledge Setup Margin 


The 8207 acknowledge (EAACK) can be issued at any 
point in the 80286 bus cycle (end of $1 or $2 of Ts 
or Tc). If EAACK is issued at the end of $2 (Ts or 
Tc), the 80286 will complete the current bus cycle. If 
EAACK is issued at the end of $1 of Tc, the 82284 
will not generate READY to the 80286 in time to end 
the current bus cycle. A new Tc would then be 
generated and EAACK would now be sampled in time 
to terminate the bus cycle. EAACK is 3 clocks long 
in order to meet setup and hold = for either 
condition. 


We need the margin between the 8207 issuing EAACK 
and the 82284 needing it. Figure 4, shows a worst case 
example. 


TCLCL — 8207 TCLAKL max — 82284 tll < 0 
62,5°— 35 —' 15. =12.5ns 


Read Access Margin 


The 8207 will typically start a memory cycle (i.e. RAS 
goes low) at the end of $1 of Ts. But if the start of 
a memory cycle is delayed (by a refresh cycle for in- 
stance), then RAS will be delayed. In the first case, 


Ts: o- Ts ©" 
| | 


Tc Ts or T1 
| | 


Figure 4. Acknowledge to the 82284 
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this represents 3 clocks and the second case could re- 
quire 4 clocks to meet the data setup requirements of 
the 80286. In either case, data must be valid at the 
end of Tc. The 8207 holds CAS active long enough 
to ensure valid data is received by the 80286 in either 
case. 


DRAMs specify two access times, RAS access (tRAC) 
and CAS access (tCAC) Both access periods must be 
calculated and the one with the least margin used. Also 
the number of data buffers should be kept to a 
minimum. Too many buffers would require either 
faster (more expensive) DRAMs, or a reduction in the 
performance of the CPU (by adding wait states). 


RAS Access Margin 
SICLCL..— 8207 TCLESE. max @. 150 pf - 
DRAM tRAC — 748240 propagation delay max 
@ 50 pf — 80286 t8 < 0 


Iota se 120 7 1 = V5 )5as 


_ CAS Access Margin 


2TCLCL — 8207 TCLCSL max @ 150 pf - DRAM 
tCAA (or tCAC — 748240 tplh max @ 50 pf - ~ 
80286 t8 < 0 


125 — 35 — 60 — 7 — 10 = 13ns 


By solving each equation for tRAC and tCAC, the 
speed requirement of the RAM can be determined. 


DRAM tRAC = 3:'TCLCL — 8207 TCLRSL — 
748240 tplh — 80286 t8 = 135.5ns 


DRAM tCAC = 2 TCLCL — 8207 TCLCSL — 
748240 tplh — 80286 t8 = 73ns 


1. Not specified. Assume no delay for worst case analysis. 
2. STTL derated by .O5ns/pf. 
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So any DRAM that has a RAS access period less than 
135 ns, a CAS access period less than 73 ns, and meets 
all requirements in the DRAM Interface Timing (Table 
15, 16—8207 Data Sheet), will work. 


Write Data Setup and Hold Margin 


Write data from the processor must be valid when the 
8207 issues WE to meet the DRAM specification tDS 
and then held to meet the tDH requirement. Some 
write cycles will be byte writes and the information 
to determine which byte is decoded from AO and 
BHE/. Since the 80286’s address bus is pipelined, these 
two signals can change before the RAM cycle starts, 
hence they must be latched by LEN. PSEN is used 
in the WE term to shorten the WE pulse. Its use is 
not essential. 


Data must be set up to the falling edge of WE, since 
WE occurs after CAS. The 2 clocks between valid 
write data and WE going active (at the RAM’s) minus 
propagation delays determines the margin. 


2 TCLCL — 80286 tl4 (max) @ 100 pf — 
748240 tplh + 8207 TCLW (min)! + 74810 tphl @ 
192 pf2 — DRAM tDS - 0 


125 — 50-7 +0 + 14 — 0 = 82ns 


The timing of the 8207’s acknowledge is such that data 
will be kept valid by the 80286, for more than two 
clocks after WE goes active. This easily meets all RAM 
tDH specifications. 


SUMMARY 


The 8207 complements the 80286’s performance and 
high integration with its own performance, integra- 
tion and ease of use. No critical timings or logic design 
has been left to the designer. The 80286/8207 com- 
bination allows users to realize maximum performance 
from their simpler design. 
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Dynamic-RAM controller 
orchestrates memory systems 


Up to 88 chips take their cues from an n-channel MOS IC 
that both housekeeps and supports error-corrected dual-port memories 


by Jim Nadir and Mel Bazes, inte! Corp., Santa Clara, Calif. 


C) Designing a dynamic-random-access-memory system 
means balancing the goals of high performance, reliabili- 
ty, and versatility against the often contrary aims of 
economy, simplicity, and compactness. In the last five or 
so years, the advent of dynamic-RAM controller chips 
relieved designers of some of the onus of tending to the 
needs of dynamic chips: standard supportive integrated 
circuits brought together the counters, timers, multiplex- 
ers, and other elements needed. 

But controllers diverged into two types. One bought 
the high performance to ride with fast memory systems 
at the expense of functionality, while the other took on 
more and more functions to do a complete but slower 
job. The 8207 —an advanced dynamic-RAM controller — 
blunts the horns of that dilemma and also solves a 
variety of less severe design problems. 

A dynamic-RAM controller is charged with making a 
dynamic memory system appear static to the host pro- 
cessor. At a minimum, therefore, the controller takes 
over refreshing the memory chips, multiplexing the row 
and column addresses, generating control signals, timing 
the precharge period, and signaling the processor when 


DYNAMIC 


data is available or no longer needed. But, beyond those 
local housekeeping chores, the controller can also go a 
long way to solving more global design problems, like 
sharing memory between two processors, not to mention 
detecting and correcting errors. 

To realize this potential for a highly integrated solu- 
tion, the 8207 has a dual-port interface and, when used 
with the 8206 error-checking and -correction unit, 
ensures data integrity in large dynamic-RAM systems. In 
addition to doing the jobs of refreshing, address multi- 
plexing, and control timing, the unit supports memory- 
bank interleaving for pipelined accesses, overlaying RAM 
and read-only-memory locations, and initializing RAM. 

The exact implementation of most of these functions is 
programmable, letting designers tailor their systems in 


detail. Systems containing up to 88 dynamic-RAM . 


chips — whether 16-, 64-, or 256-K versions —in one, two, 
or four banks need only a single 8207 and no external 
buffering. Attesting to the high performance claimed, 
the 8207 mates dynamic RAMs having 100-nanosecond 
access times to the iAPX-286 processor operating at 8 
megahertz without introducing any wait states. 
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1. Window on a micro. One use for a dual- 
port memory shared by independent proces- 
sors is the development system shown. Add- 
ing a video display to the prototype itself 
gives a window on the system memory. 


DISPLAY 
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To achieve that speed and include all those functions, 
the 8207 relies on a dense, high-speed n-channel MOS 
process (H-MOS II) and requires a chip some 230 by 200 
mils in area. To meet the rigors of operation with even 
faster processors, novel logic and integrated-circuit 
designs are employed. Replacing the two-phase logic 
common in n-MOS ICs, single-phase edge-triggered logic 
simplifies logic and circuit design, precludes problems of 
clock-pulse overlap, and reduces the sensitivity to clock 
high and low times. Voltage-controlled capacitive loads 
form the delay elements that time critical output pulses, 
such as the address strobes, and compensate the output- 
switching delays for variations in power-supply voltage, 
temperature, and processing. 

A low 20-ns setup time for input signals is achieved by 
cutting the RC delay of input-protection devices and 
moving the TTL-to-MOS signal buffering from the input 
pads to the pulse generators. A short 35-ns delay from 
input to output switching is achieved by triggering the 
output generators directly from the external clock, sav- 
ing a buffer delay time. With the resulting high-speed 
performance and a high level of integration, the 8207 
successfully attacks the stringent requirements of today’s 
memory systems. 

One system feature gaining popularity currently is the 
use of multiple processors operating on shared data to 
obtain higher performances and reliability. For example, 
a separate processor dedicated to input/output tasks 
frees the main processor for full-time data processing. 
Alternatively, multiple main processors can execute dif- 
ferent tasks simultaneously. In all such cases, sharing a 
common memory space among the cooperating proces- 
sors is the key to effective operation. 

Unfortunately, when more than one processor accesses 
shared memory through a single bus, the limited bus 
bandwidth and the time spent in exchanging bus control 
slow down data transfers. Dual-port memory systems 
overcome this limitation by giving two processors access 


to a common memory through two independent buses. 
The 8207 includes a dual-port interface to simplify the 
design of shared memory systems. 

Two-port memories can be used with multiprocessing 
or multitasking architectures. In the former, indepen- 
dent processors run independent programs, sharing only 
a common memory. Multitasking processors cooperate 
on different parts of the same task. 

An example of a multiprocessing architecture is the 
dynamic video display (Fig. 1) that provides a window 


on a processor’s memory. Centering the display over a 


data table, for example, immediately reveals how pro- 
gram execution affects the data, which aids in debugging 
programs. If a microcomputer is implemented with a 
dual-port memory—the second port for a dynamic video 
display —then the prototype itself can serve as a develop- 
ment and debugging system, reverting to single-port 
operation in the final version. 

A dual-port architecture in a multitasking environ- 
ment, on the other hand, adds a margin of safety to a 
shared-resource bus, such as Intel’s Multibus. Although 
one of the biggest benefits of such a bus is the sharing of 
expensive peripherals among several users’ programs, an 
intimidating problem is that a single program gone hay- 
wire can easily corrupt the entire system. A two-port 
memory, properly configured, circumvents this occur- 


rence. Because each port has its own address, data, and © 


control lines, problems on one side are confined by 
hardware to that side. 


Port of call 


As a general rule for multitasking architectures, one 
port of a two-port memory operatés in a local environ- 
ment, and the other port runs remotely, off the expanda- 
ble shared-resource bus. The local processor is likely to 
require a synchronous port to reap the benefit of higher 
performance. Remote buses, in contrast, are usually 
configured asynchronously. Unless programmed other- 


Dynamic-RAM controllers get in step 


Synchronous and asynchronous signals have different 
requirements for interfacing with a controller. The terms 
synchronous and asynchronous are conventionally ap- 
plied to dynamic random-access memory depending on 
whether it exists in a local or a remote environment, 
respectively. However, they more properly characterize 
the dynamic-RAM controllers, for the RAMs themselves 
need no clocks—the only restrictions as to the start of a 
memory access cycle involve ensuring that the refresh and 
precharge requirements are satisfied. 

Because the controller decides both when to refresh 
and whether or not precharge and other timing require- 
ments have been met, it does need a clock. incoming 
commands can either always arrive with a fixed relation- 
ship to the controller's clock or have no particular relation- 
ship to it. The former are, of course, synchronous opera- 
tions, the latter asynchronous. 

The major difference between an asynchronous and a 
synchronous controller (or port of a controller, in the case 
of the dual-port 8207) is that the asynchronous controller 
must first synchronize the incoming commands to its own 


internal clock. From that point on, the asynchronous con- 
troller looks just like a synchronous device. 

Whereas various techniques for synchronization are 
available off chip, on-chip synchronization is restricted to 
the resolution and sampling of states of a flip-flop. The 
incoming command is clocked into a resolving flip-flop. 
After a predetermined time, a sampling flip-flop reads the 
state of the resolving flip-flop, thereby synchronizing the 
command. Assuming that both flip-flops are triggered on 
the same edge of the controller's internal clock, the fastest 
that an asynchronous signal can be synchronized is one 
clock period. The slowest synchronization takes two clock 
periods; on the average, getting the signals in step takes 
one and a half clock cycles. 

Because the processor typically requires four or fewer 
clock periods to complete a cycle, adding a cycle and a 
half for synchronizing increases’ the access time by 
approximately 25%. Synchronous controllers are therefore 
always preferred when the environment permits them, and 
local environments, such as single-board computers, gen- 
erally do so. 


SER SETS RTA SRE I TIE RESORTS SB AAS TON EE DEB TITER ATI LTS CE EAP RED LLL A TE ITY BERLE LATE SOLE LEE OREN OEY EIR EE SN IE DEEL T TE ESN EEL IEA LILLIE We ANE TELE LEE LES, 


6-57 


AFN-02236A 


ae ST Ss 8 A ee oe —. =. os SS Ly pel oe ae tt ea~'> 74y <n i. > ae 7 
aS ee re at Se ee ot ES IN te el ae ed ie Re hd bb = i= i pete eee SEE eee SRN, Be 
<a “2 Sie fas ~ 8 * Xs ° « vee = oc. we 

> Pa De - > > oe z : = “ ’ is ° . ae See of 
thee Tare ms ; : ik ny ea 
ay Sy f 1. oe 
= i x fat ES 5 
—_ a va, 
‘ Wz 
i 


wise, the 8207 configures one port synchronously, and 
the other asynchronously. For specific applications, both 
ports may be programmed as either synchronous or 
asynchronous (see “Dynamic-RAM controllers get in 
step,” p. 129). 

Whether the ports are programmed for synchronous 
or asynchronous operation, some mechanism must 
decide which processor will gain access to memory when 
both request it almost simultaneously. That mechanism 
consists of arbitration logic that controls access and 
always leaves one port selected. When a port is selected, 
its associated control and interface signals are passed 
directly to the RAM timing logic by the command multi- 
plexer (Fig. 2). Both ports’ command and control lines, 
after being synchronized, go into both the command 
multiplexer and the arbitration logic. 

However, the arbitration logic enables the command 
multiplexer to pass only commands that appear at the 
selected port. At the same time as a command appears at 
a selected port, arbitration logic initiates the cycle- 
control logic that completes the timing of the RAM cycle 
that ensues. If a command appears on the unselected 
port, it will not get through the multiplexer to initiate a 
RAM cycle but will instead wait in the status-command 
decoder until the current command is completed, at 
which time the command multiplexer switches to the 
unselected port. The arbitration logic will then service 
this queued access request by starting a new cycle. 

The arbitration logic examines all port requests, 
including the internal refresh port. The refresh-request 
port is subject to arbitration like the other two ports, 
except that it is always assigned a higher priority than an 
unselected external access port. Thus, refreshing can be 
delayed, at most, one RAM cycle. 

While the current RAM cycle is running, the arbiter 
determines the next cycle to be initiated. Thus, the 
arbitration time of two or more simultaneous port 
requests is hidden by the memory cycle time. In other 
words, in cases where both a selected and an unselected 
port request access simultaneously, the arbitration time 
for the unselected port does not extend that port’s access 
time, which is delayed by one memory cycle anyway. 
Only when an unselected port requests a free memory 
does the arbitration time slow access, because then the 
command must pass through the arbitration logic before 
a RAM cycle can be initiated. To minimize such delays in 
most cases, there are two arbitration algorithms to be 
selected by the user. 

The first algorithm, intended for multiprocessing envi- 
ronments, automatically returns the arbiter to a desig- 
nated preferred port, generally the higher-performance, 
synchronous port. Thus any command on the selected 
port generally has immediate access, whereas any com- 
mand arriving at the unselected port must wait. 

The second, or last-accessed-port, algorithm, which is 
applicable in multitasking environments, leaves the most 
recently accessed port as the selected port. This algo- 
rithm optimizes port selection for task passing in a 
multitasking environment. In task passing, the host pro- 
cessor sends a task to an execution processor; until the 
task is received, the execution processor seldom accesses 
memory. Conversely, once the task is passed, the host 
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processor seldom accesses memory until the task is com- 
pleted. Thus, the ports are used in spurts. 

Because timely refreshing is needed to preserve 
dynamic-RAM data, a refresh request is always serviced 
on the next available cycle. The refresh algorithm, how- 
ever, may be selected by the user. The options available 
are: no refresh, user-generated single refresh, automatic 
refresh, or user-generated burst refresh. 

No refresh would be selected for applications like 
bit-mapped—video displays, where continuous, sequential 
access of all RAM locations itself refreshes every cell 
periodically. User-generated refresh modes allow the 
designer greater control over power. dissipation, for 
example, in large memory systems. Automatic refresh- 
ing, in which the controller itself times the refresh inter- 
val and initiates the operation, lets the designer ignore 
the refresh requirements entirely. As mentioned, the 
refresh requests are subject to arbitration just like other 
access requests. However, once a burst refresh is select- 
ed, it remains active until completed. 


Cleaning up errors 


Ensuring data integrity is a major concern in large 
dynamic-RAM systems, particularly because of their sus- 
ceptibility to soft errors caused by alpha-particle radia- 
tion. Various parity encoding techniques have been 
developed to detect and correct memory-word errors 
[ Electronics, June 2, 1982, p. 153]. The parity bits, called 
check bits when used for correction as well as detection, 
are stored in the memory array along with their asso- 
ciated data word. When the data is read, the check bits 
are regenerated and compared with the stored check 
bits. If an error exists, whether in the retrieved check bits 
or in the retrieved data word, the result of the compari- 
son—called the syndrome—gives the location in the 
group of the bit in error. : 

Two drawbacks surface in the design of any memory 
system that is to be protected by error-correction circuit- 
ry. First, the memory-word width must be increased to 
store the check bits; second, extra time must be allotted 


for the error-correction circuitry to generate the check . 


bits on write cycles, plus more time to regenerate and 
compare the check bits on read cycles. The 8207 pro- 
vides several ways to minimize both problems. 
Error-correction schemes require a smaller proportion 
of check bits to protect wider memory words. For exam- 
ple, an 8-bit word needs 5 check bits, for a 63% increase 
in memory. Put the other way around, 38% of the 
available memory would be dedicated to the check bits. 
Six check bits are required to protect a 16-bit data 
word—only a 27% overhead. Clearly, the wider the 
memory array, the more economical the error correction. 
The 38% overhead necessary to protect such 8-bit—bus 
machines as the 8088 or 8085 makes error correction an 
unattractive proposition. However, if the memory width 
could be doubled, with the 8088 accessing only half a 
word at a time, the overhead would drop to 27%. 
Reading a double-width word, checking for soft errors, 
and then sending the desired portion of the word to the 
processor presents no major problems, unlike writing to 
such an array. The check bits cannot be calculated from 
only a portion of the word—they must be calculated for 
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2. Arbiter’s labor. Two external ports plus the internal refresh port can request access to the memory system at once. Arbitration logic 
decides which to service, based on programmable algorithms. High-speed logic design cuts the delay from input to output switching to 55 ns. 


the entire word at once. Whenever the processor writes a 
partial word to memory, it must first read the entire 
word, check it, substitute for that portion of the word to 
be rewritten, and recalculate the check bits. Only then 
can the entire word be written to memory. The 8207, 
working in conjunction with the 8206 error-checking and 
-correction unit, contains mechanisms to expedite this 
potentially arduous process. 

Whenever the 8207 performs a partial-write cycle, it 
initiates a read-modify-write cycle wherein the entire 
memory word is first read and latched into the 8206 
(Fig. 3). After the retrieved data has been verified as 
correct, new data is supplied to the RAM, half from the 
processor and half from the 8206, which also generates 
the check bits for the entire new word. 

Control signals—called byte marks—specify which 
portion of the new data word is coming from the proces- 
sor and which from the 8206. The byte marks determine 
whether the processor or the 8206 drives the RAM data 
bus —for example, if the 8206 is driving one portion of 
the data bus, the processor is prevented from driving the 
same portion. The byte-mark signals simply disable the 
appropriate transceivers. If, on the other hand, the pro- 
cessor is driving a portion.of the RAM data bus, the byte 
marks change the 8206 data outputs to inputs, allowing 
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the 8206 to read the data from the processor and calcu- 
late new check bits. 

The ability of the 8207 to handle memories organized 
as one, two, or four banks allows tradeoffs between the 
cost and performance of an error-correction system. For 
maximum performance, memory would be organized in 
four banks, each 16 bits wide. In applications requiring 
error correction, but where maximum performance is not 
critical, concatenation of RAM banks into two banks of 
32-bit words, or even one bank of 64-bit words, can make 
error correction very economical. 


Holding to high performance 


Even though the cost of error correction has thus been 
reduced to where it becomes an attractive solution, the 
problem remains of minimizing performance degrada- 
tion. Tackling that challenge depends on the particulars 
of the configuration, such as whether the memory is to 
be used with a high-performance local processor, as 
system memory on a shared-resource bus, or is to be 
shared between a local high-performance processor and 
a shared-resource bus. 

The method chosen to handle errors depends on the 
type of bus. Intel’s Multibus is the kind that requires 
data to be valid prior to the issuance of a transfer- 
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3. Teamwork. The 8206 error-correction 
chip joins forces with the random-access- 


memory controller so that an 8-bit—bus pro- 
cessor may utilize the 16-bit-wide memory 
that is more economical for error-correction 
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acknowledge signal, in contrast to the local buses of the 
iAPX-86, -186, and -286 processors. A local bus will 
usually be synchronous, with a single processor or copro- 
cessor group attached to it; the processor characteristics 
are known, as is the processor’s response to a transfer- 
acknowledge signal. 

With Multibus and other shared-resource buses, the 
processor types that will eventually be connected are not 
known in advance, and the buses themselves are general- 
ly asynchronous. Hence the time between the transfer- 
acknowledge signal and data becoming valid is not 
known. Therefore, the rule with such buses is to 
acknowledge a transfer only when data is valid. (On 
some asynchronous buses, the acknowledgment is issued 
earlier to compensate for synchronization delay at the 
receiving processor.) 

Two basic configurations for checking and correcting 
errors derive from these system considerations and the 
fact that it takes longer to correct data than to detect an 
error. One is for buses that connect to processors and 
coprocessors receiving a transfer acknowledge prior to 
data becoming valid, and the other for buses that con- 
nect to processors receiving a transfer acknowledge after 
data is valid. Both configurations are supported by the 
8206-8207 team. 

Buses among the former type of processors always get 
corrected data from the 8206, whether an error exists or 
not, and will carry a transfer acknowledge from the 8207 
before data becomes valid on the bus. Though this means 
data is delayed for error correction on every transaction, 
the extra delay is immaterial, since it is hidden behind 
the processor’s response time to the transfer-acknowl- 
edge signal. By the time the processor requires data, it is 
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RAM DATA 


TRANSCEIVER 


PROCESSOR 
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already corrected and on the bus. As a result, system 
performance is not degraded at all because of single-bit 
errors. 

For buses among processors that receive the transfer 
acknowledge after the data is valid, the 8206 always 
checks for errors but does not routinely correct data. In 
this mode, RAM data passes through faster, because the 
8207 will issue an acknowledgment sooner. If, however, 
an error is found, the 8207 will lengthen the cycle, 
command the 8206 to correct the data, and delay the 
-transfer-acknowledge signal until the corrected data can 
be placed on the bus. For those buses with an acknowl- 
edge-synchronization delay, the 8207 can be pro- 
grammed to issue the acknowledgment earlier to com- 
pensate for the delay. 


Power-up problems 


Another problem with memories protected by ECC 
circuits crops up when the power is turned on. At 
power-up, the data stored in memory is completely ran- 
dom; any attempt to read or perform a partial write will 
be aborted because the check bits will indicate multiple, 
and therefore uncorrectable, errors. For processors 
whose word width is the same as that of the memory 
array, the processor could simply initialize the entire 
memory array, taking some additional time and soft- 
ware. For memories whose word width is greater than 
that of the processor, however, initialization of the mem- 
ory is not possible unless the error-checking or -correc- 
tion circuitry is disabled by hardware, for example, by 
gating off the error flags. 

The 8207 is equipped to deal with the initialization 
problem by itself. At system reset, the 8207 performs 
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4. interleaving. Overlapping accesses to dif- 
ferent banks increases memory throughput. 
Once the column-address hold time is satis- 
fied, the 8207 starts a second cycle, pulling 
the second row-address strobe low. ROW-ADDRESS 
STROBE 1 


COLUMN-ADDRESS 
STROBE 1 


8207 
ADDRESS 
OUTPUTS 


MEMORY 
DATA 
OUTPUTS 


eight cycles on all banks at once to warm up the dynamic 
RAMS, a typical RAM requirement for stable operation. 
The chip then individually initializes all memory loca- 
tions to 0, adding the proper check bits. Though all 
memory banks could be initialized in parallel, that would 
require more power than any other memory operation, 
calling for a heftier and more expensive power supply 
needed only at system reset. 

One final problem associated with memories protected 
by error-correction circuitry stems from the fact that 
only data that is accessed by the processor is corrected. 
If the processor continually accesses one particular seg- 
ment of memory, the rest of the array may be accumu- 
lating soft errors. The possibility of two soft errors 
accumulating in a word of seldom accessed memory now 
becomes significant—and not all double-bit errors are 
correctable in simple ECC schemes. The 8207 scrubs 
memories to clean up this problem. During each refresh 
cycle, one word of memory is read, checked for errors, 
and if necessary, corrected before data is written back to 
memory. Because scrubbing occurs during refresh cycles 
with a read cycle replacing a row-address-strobe—only 
refresh cycle, no performance penalty is incurred. Scrub- 
bing rids the entire memory of errors at least once every 
16 seconds, reducing the probability of two soft errors 
accumulating in the same word almost to nil. 


Bells and whistles 


All dynamic RAMs require a recovery period for pre- 
charging internal lines after each access. If the processor 
were immediately to reaccess the RAM, the controller 
would have to delay it until the precharge time was over. 
By automatically organizing memory into banks so that 
sequential addresses are in different banks, the 8207 is 
usually able to hide the precharge time of one bank 
behind the access time of another. That organization 
follows from using the 2 least significant bits of the 
address to select the bank. Of course, a break in the 
program flow, such as would be caused by a jump or call 
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instruction, raises the probability that the same bank 
may be immediately re-accessed. This probability is less 
in four-bank memories than in two-bank configurations. 

Further performance advantages are gleaned by 
organizing memory into multiple banks. For example, 
the 8207 can speed throughput by pipelining cycles. 
Once the row and column addresses to one bank have 
been latched, the controller sends the row address for the 
next cycle to the next bank (Fig. 4). | 

The 8207’s manifold features can be tailored to a 
given system with the use of a serial programming pin. 
This pin can either be strapped high or low to select one 
of two default modes or be programmed by means of a 
shift register. The external register is completely. con- 
trolled by the 8207, eliminating any local processor 
support. Sixteen bits are shifted into the 8207 to configu- 
re up to nine different features. The bits are arranged in 
order of increasing importance; using a shift register 
with less than 16 bits permits just those features needed 
to be programmed. 

Programmable features of the processor interface 
include the choice of arbitration algorithm, clock com- 
pensation, and preferred port. At the RAM interface, the 
user can specify fast or slow memory chips, indicate 
bank configuration, and select the optimal refreshing 
scheme. In anticipation of the next generation of 256-K 
dynamic RAMs, the 8207 can support a 256-row-1- 
millisecond refresh convention, in addition to the 128- 
row—2-ms one for current 16- and 64-K parts. , 

Helping facilitate system design is a self-programming 
processor interface. By decoding the command input 
pins at power-up, the 8207 automatically determines 
whether it is connected to the status lines of an 8086, 
iAPX-286 or to the command lines of the Multibus. 
Because the 8207 can directly decode the status lines of 
Intel microprocessors, it can anticipate the next memory 
cycle and start a new cycle before actually receiving a 
command. This extra pipelining enables the designer to 
specify slower/RAMs then would otherwise be required.L] 
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INTRODUCTION first dynamic RAM controller to integ- 
| rate all RAM control functions = and 
Microprocessor-based systems are also provide no wait state performance 

making increasing use of dynamic RAM with all Intel microprocessors, inclu- 


over static RAM, as this is the most ding the iAPX-286 (80286 CPU). 
cost-effective device for implementing 


a large random access read/write memo- Another factor of concern to a 
ry. Dynamic RAM requires complex con- memory system designer is soft errors. 
trol circuitry which static RAMs do Soft errors are random, nonpermanent 
not, but the cost of this control cir- errors, usually of a single bit. The 
cuitry is outweighed for memory of primary mechanism of these errors in 
more than 16K bytes by the lower cost dynamic RAMs was discovered in 1978 to 
per bit and higher density of dynamic be loss of stored charge in the dyna- 
RAM. 7 mic RAM cells caused by alpha parti- 
cles. ! These result chiefly from 
However, successive generations the radioactive decay of trace uranium 
of microprocessors are demanding and thorium in the packaging material. 
higher performance of dynamic RAMs, as The rate of these errors increased as 
shown in Table 1 for several families Shrinking geometries made storage 
of Intel microprocessors: cells more susceptible to the effects 
of alpha particles. These soft errors 
Some previously available contro- have been reduced by packaging innova- 
llers have provided all the- required tions, but residual errors remain2, 
dynamic RAM support functions on a and so are still a concern. Since the 
single chip, but have not been fast error rate of a memory system is the 
enough to provide no wait state per- sum of the error rates of all the me- 
formance with today's faster micropro- mory components, the trend to larger 
cessors. Other recently introduced RAM capacities in microprocessor sys- 
dynamic RAM controllers have offered tems will result in a higher: system 
higher performance, but required seve- error rate even if RAM soft error 
ral additional shipe to complete the rates remain constant. 


control function. The 8207 is the 


Table 1. Required Memory Performance 
for No Wait State Operation 


Year Part Clock Access Time Access Time Bus Cycle 
Introduced Number Freq. from Address’ from Command Time 

1976 8085 3 MHz 545: 1s 3430 NS 960 ns 

1978 8086 5 430 335 800 

1979 8086-2 8 265 195 500 

1982 80286 8 1174 5 — 2506 
Notes 


[a] The 80286 uses pipelined addresses. Access time from 
address is 222 ns for interleaved memories. 

[b] The 80286 bus cycle has three clock states, but the first 
state is overlapped with the third state of the last 
cycle, for an effective bus cycle of two clocks, or 250 ns. 
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Coupled to these facts are the microprocessor-based systems are: 0 
increasing reliablility requirements | Bey. 
If many microprocessor applications. Es A separate microprocessor may be > 
4 single soft error in an automatic used to control all I/0 activi- Mf, 
yank teller machine, for example, can ties, leaving the main micropro- ee 
>ause an account balance error resul- cessor free to do data processing ~ 
Ling in many dollar's worth of tasks full time. If- the program a 
>lerical work finding and correcting being executed by the main proce- j 
the error, as well as possible down ssor generates any I/0 requests, 
time for the teller’ machine and these requests (read a disk file, 
Frustration for the customer. send a file to a line printer, 
etc.) are formatted as a message 
Error checking and correction, or to the I/O processor, containing | 
“CC, aS implemented by modified Ham- the desired activity and where 2 
ning codes uses redundant memory bits the input or output file is loca- < 
fo encode the data. This code allows ted is shared memory, and the me- is 
Jetection and correction of all single ssage is placed in a reserved we 
yit errors in any memory word, and de- area of shared memory, to be read i 
tection (but not: correction) -of ak] and executed by the I/0 process- ~ 
Jjouble bit and some higher-number-of- sor. All the mechanical activi- x 
yit errors. ; ties of I/0 (polling disk. status; 3 
spooling. print files, .:etc./) {are te’ 
The effect of ECC of memory sys- handled by the I/O processor, 5 
em reliability is shown in Table 2. while the main processor executes = 
hese figures are based on the analy- the main program. The 1/0 4 
is Of -all.-types..of. errors. (hard and processor may be on the same 
oft) as measured for the Intel 2117 board or another board connected 
lynamic RAM, and shows an improvement by .a- global.- bus, -such’>as+. tie 
in reliability as measured by the mean Intel Multibus./M ‘ 
-ime between failures (MTBF) of be- . a 
ween 24 and 301 times for the memory ae Separate processors may execute ‘ice 
onfigurations shown. 3s different real-time tasks simul- fe 
taneously, as in a process con- i 
Clearly, for the assumed error trol application. Various pro- 
‘ates, soft errors become unnaccepta- cess parameters will be stored in 
yle for large RAMs, and ECC is desira- shared memory, where it may be 
ple. |. The 8207 facilitates the addi- sampled and/or updated as neces- | 
ion. oT ECC by directly controlling sary by each of the processors to | 
she companion 8206 Error Detection and control the process in real time. 
orrection Unit, and adjusting memory Again these processors may be on om 
-ycle timings as required for ECC the same or different boards. 
yperation automatically. : 
In these and other applications, 
Lastly, architectural factors are this multiprocessing is facilitated by 
mportant to designers of memory sys- dual-port memory. A dual-port memory 
ems. Higher performance microproces- . is one in which two processors, each 
or systems can be obtained by the use on its own separate bus have indepen- 
f multiple processors operating on dent access to the same physical mem- 
shared data. Common examples in 
Table 2. Improvement in Memory 
Reliability with ECC 
Memory Size and MTBF MTBF Improvement 
Organization ; (no ECC) (with ECC) Ratio 
32 Kbyte (16K x 16 bits) 5.6 yrs 133.6: yrs 24 
64 Kbyte (16K x 32 bits) car? i See 28 a 
128 Kbyte (16K x 64 bits) 1 ohn ® s055:.* 29 me 
4 Mbyte ...( 2M «16. hits) 16.3 days 1058 <* 246 Be 
+).8 Mbyte» (26% 32 bits) a dis iars- 278 ed 
16 Mbyte (2M x 64 bits) 4g457 7 = i ea 301 s 
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ory. Since the processors are _ inde- 
pendent, the dual port memory itself 
must resolve the conflict that arises 
if each processor tries to access the 
memory simultaneously. 


If multiple processors are used 
on a single bus, performance will be 
limited by the bandwidth of the bus, 
and the time spent exchanging bus con- 
ok Be A dual-port RAM allows” each 
processor full use of its own bus. To 
prevent the bandwidth of the dual-port 
RAM from limiting system performance, 
at least one processor should have its 
own (single-port) RAM, and only those 
memory segments shared between proces- 
sors should be placed in dual-port RAM. 


Also, some method (called a 
"semaphore") must be provided to con- 
trol access to the memory so that one 
processor can modify sections of data 
without the other processor being able 
to see that section while it is being 
modified. As an example, if a shared 
memory contained a list of passengers 
on an airline flight, an error would 
result if two processors at almost the 
Same time found an empty space on the 
passenger list, and each wrote a new 
passenger's name into that same space. 
One processor must prevent the other 
from accessing the passenger’ list 
before it can look to see if there are 


The 8207 has a dualport = memor: 
interface. Port arbitration is done 
on-chip. Semaphores are supported ir 
hardware by a LOCK input which may be 
activated by one port to prevent memo- 
ry accesses by the other port. 


DEVICE DESCRIPTION 


The 8207 Advanced Dynamic. RA 
Controller (described by Figure 1. 
provides all required dynamic RAM con- 
trol functions in a single chip, 
including: 


1. Address multiplexing The 820) 


generates the row and_= columr 
addresses used by the = dynamic 
RAMs. 

‘ar Refresh The 8207 internal]: 
generates refresh cycles wher 
necessary; an external input 


allows the user's system to gene- 
rate refresh cycles when desired. 
An 8-bit counter determines” the 
row to be refreshed. 


35 Arbitration Since read, write. 
and refresh cycles cannot be done 
simultaneously, the 8207 deter- 
mines which will be performed, 
and when. The 8207 arbitrates 
between memory requests from eact 
of the two ports, and the refrest 
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Figure 1. 8207 Logic Symbol 


ye pemeye mewsiae> eae ef , 
ory cycle may be delayed by a 
cycle in progress, the 8207 pro- 


vides separate acknowledge sig- 
nals to each port to indicate 
when the requested cycle has been 
completed. 


4. Cycle timing Timing of the RAM 

addresses and control. strobes, 
ECC and error strobes, port 
multiplexing signals, and memory 
cycle acknowledge signals are all 
generated internally by the 8207. 
Refresh timing, arbitration, and 
cycle timing are all done from a 
single c lock input. Timing 
changes may be made by 
programming options on the 8207, 
or by adjusting the clock 
frequency. 


The 8207 directly addresses and 
drives “up: to. 88. RAMs: (TEK, | 64K, “or 
256K), with no external drivers. The 
8207 Advanced Dynamic RAM Controller, 
like its companion, the 8206 Error 
Detection and Correction Unit, is 
implemented in HMOS II, a production 
proven NMOS process, and is packaged 
in a 68-pin JEDEC Type A chip carrier. 


Programming 


In order to optimize its perfor- 
mance in as many system environments 
as possible, the 8207 programs itself 
at system reset with information about 
the application system; what type of 
microprocessor it is interfaced to, 
whether ECC is used or not, how port 


SYSTEM 
RESET 


ib. ae @ ee 
Rg oa abit 
oS A rt 


access priority should be resolved, 
(CPBPR oe 
WRAGH oe 
programming data is serially shifted, | 
(PCLK) used as a 


etc; The 8207 uses one pin 
forprogramming, through 


with another” pin 
shift clock, as shown in Figure 2.. 


8207 to operate in 


8207 in error-correcting mode. All 
other programming options 
values optimized for those configura- 
tions. If it desired to.change any op- 
tions from their default 
parallel-in-serial-out (PISO) 
register, such as the 74LS165, may be 


attached to the programming pin. These 
SH rect 
register with the jumper-selected pro-. 


System reset input loads this 


gramming options, 
clocked into the 


which are then 


up to 16 bits of programmability. 
Microprocessor Interface 


The 8207 can operate in single- 
ported or dual-ported memory configu- 
rations. Each port is individually 


programmable to operate in a variety 


of system configurations. 


Each port may respond to standard 


demultiplexed read and write commands 
as shown in Figure 3b. The RD and WR 
inputs are internally qualified by a 
port enable (PE) signal, which is nor- 
mally decoded from the address _bus. 


No memory cycle can start unless PE is _ 


Figure 2. Programming Interface 


See Sh. 
> o> baa wh : 


Tying PDI to ground programs the — 
non-error-cor-  .. 
recting mode; tying PDI high puts the 


default to 


values, a 
shift. 


8207. One or two 
shift registers may be used to provide 


eee 


ey active. 


of a memory cycle, 


will be disabled; 


A port control (PCTL) signal 
is provided, which qualifies the start 
and can also inhib- 
it a memory cycle that has already 
been started. If PCTL is deactivated 
before the memory cycle starts, no cy- 
cle will be performed. If it is deac- 
tivated after the RAM cycle starts, 
the memory cycle will complete, but 
the RAM write enable, memory cycle 
acknowledge, and error logging strobes 
no data will be wri- 
tten to memory. The user must use 
PCTL to disable data transceivers to 
prevent data from being read. 


PCTL is useful if RAM and ROM are 
overlaid in the same address space, 
and it is desired to de-select the RAM 
in those addresses where ROM is 
present. his +18 °‘oOTften -the case’ .-at 
system reset, where a "boot-strap" ROM 
is selected in part of the RAM address 
space to start the system. RAM is 
selected in this same address space 


once the system is up and running. 
PCTL may also be used for those micro- 
processors which have a separate mem- 
ory management unit which generates an 
inhibit signal if a program attempts 
to access protected memory. 


Each port may also be programmed 
to directly decode the status outputs 
of Intel's iAPX-86, 88, 186, and 286 
families of microprocessors, as shown 
in Figure 3b. In this mode, the RD, 
WR, PE, and PCTL inputs are redefined 
to be the apporpriate status inputs. 
When used in this way, the 8207 is 
normally operated synchronously to the 
microprocessor, from the same _ clock 
generator, as shown in Figure 3a. 
Because the 8207 must be able to oper- 
ate syncronously with several differ- 
ent microprocessors with clock rates 
from 5 MHz to 16 MHz and with differ- 
ent bus cycle timings, the 8207 varies 


memory cycle timings so as to be com- 
patible with the microprocessor 
interfaced to. 


1t- 4s 


| ADDRESS a 
DECODE 


A. SYNCHRONOUS 


B. ASYNCHRONOUS 
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Figure 3. 8086 Interface 


When used asynchronously to the 
microprocessor, all inputs are inter- 
nally synchronized by the 8207. #£=When 


used synchronously, these synchroniz- 
ers are bypassed, eliminating 
synchronization delays. 


Arbitration 


Each port has physically separate 
RD, WR, PE, and PCTL inputs, as shown 
in Figure 4. In this application, the 
8207 interfaces synchronously to Port 
A (8086) and asynchronously to Port B 
(Multibus); all Port B inputs are syn- 
chronized, but synchronizers are 
bypassed on Port A. 


The abitration logic arbitrates 
between three ports; Port A, Port B, 
and Port C (the refresh port). Any 
port may request memory at any time. 

Once Port A or B is selected, it 
has immediate access to the cycle 


timing generators and the arbitration 
logic is bypassed for subsequent memo- 
ry cycles. The arbitration delay in 
this case is zero. If the unselected 
port requests a memory cycle, the ar- 
biter must first select it. Arbitra- 
tion for the next memory cycle is done 
in parallel with a memory cycle in 
progress, so usually this arbitration 
time is hidden, and the new cycle 
starts as soon as the cycle in prog- 
ress to the previously selected port 
is complete. 


- 6 


<oe| 
a 


One of two arbitration algorithms 
may be selected to "tailor" the 8207 
to the application. In one method, 
Port A is the preferred port, so when- 
ever ‘the $207 -is idle, --Port As 
selected, minimizing access time for 
that” port. In the other method, the 
most recently used port is selected. 


As an example, if Port A was 
attached to a high-speed microproces- 
sor used in for data processing, and 
Port B was attached to an I/0 process- 
or, it would probably be better to 
make Port A the preferred port, to 
minimize its average access time and 
maximize processing throughput, espe- 
cially since the I/0 processor on Port 
is limited by the slow speed of the 
mechanical peripherals to which it is 
attached, not memory access time. 


A LOCK input is provided which 
allows either port to lock out the 
other and gain sole access to the 
memory. This is useful for testing 


and setting semaphores in shared memo- 
ry segments. It may also be used to 
allow one port to transfer bursts of 


data to or from memory at maximum 
bandwidth, without the other port 
stealing any memory cycles. 

Due to pin limitations, the 
address, RAM bank select, and LOCK — 
inputs are multiplexed between Ports A 
ana” 6, The arbiter generates a MUX 


is used for this purpose, 


output which 
This figure 


as shown in Figure 4. 


FROM 
MULTIBUS 


Figure 4. 8086/Multibus Dual-Port Interface 
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ss sed 4 : Me "4 ” > é ee et 
a 
shows multiplexing being done by this way, the two banks may consist of 
alternately enabling 3- state latches; up to 44 RAMs (twice as many as 
= cross-coupled NAND gates are used to before) without increasing the loading 
create non-overlapping enable signals. on the RAS and CAS drivers. Since the 
% | } total number of RAMs remains the same, 
RAM Interface the loading on the Addréss_ outputs, 
* which go to all RAMs also remains the 
Nine RAM address outputs and four Same. If only one bank is occupied, 
pairs of Row Address Strobe (RAS) and all four RAS and CAS driver’ work 
Column Address Strobe (CAS) signals together to allow driving a_ single 


allow the 8207 to interface to four bank of 88 RAMs. 
banks of either 16K, 64K, or 256K RAMs. 
Separate RAS and CAS outputs also 


Output drivers with high capaci- allow the 8207 to interleave memory 
tive drive capability allow the 8207 cycles to alternate banks of RAM, as 
to drive up to 88 dynamic RAMs, arran- shown in Figure 5. In this way, the 
ged as four banks of 22 RAMs each (16 RAM's precharge time pb), “which. 4s 
data bits plus 6 ECC check bits) with- normally part of the An cycle ‘time, 
out external drivers. A.€. -timings may be hidden in the following memory 
are specified at a load of 550 pF on cycle. If consecutive cycles are to 


Address outputs and 250 pF on RAS and the same bank, the second cycle must 
CAS outputs. With this large a load, be delayed, as shown by the _ dotted 


the transient currents are in_- the line in Figure 5. 

ampere range; because of this, the 

output drivers are isolated from the Refresh 

rest of the circuitry with separate | 

Ic¢c and ground pins for each. The The 8207 supports both the 128 
driver circuitry was also designed to row/2 ms or the 256 row/4 ms refresh’ 
prevent any "boot-strapping" effect conventions. A 256 row/2 ms_ option 
and to limit voltage overshoot. may also be programmed for possible 


use with 256K RAMs. 
Novel circuit design techniques 


were used to allow RAM outputs to be The 8207 generates one refresh 
generated with less than 35 ns propa- cycle’ approximately every 15 ps ¢: thus 
gation delay from the 8207 clock in- executing 128 refresh cycles in 2 ms, 
put, -while requiring input set-up or. 256. cyeles” inx*4 ms. [T. (Se) 256 
times of only 20 ns9, row/2 ms option is used, one refresh 
cycle is generated approximately every 
If only one or two banks of RAM 7.5 us. An 8-bit counter keeps track 
are occupied, the RAS/CAS output dri- of the row to be refreshed; this 
vers re-allocate themselves to address is provided to the RAM by the 
increase drive capacity. If only two 8207 address outputs. 
banks here are occupied, RAS O and 
RAS 1 work in tandem to drive Bank 0. An external refresh request input 
and (AS 0 and CAS 1 do. similarly: (REFRQ) is provided so the system may 
RAS 2 and RAS 3; and CAS 2 and CAS 3 cause refreshes to be perfomed when- 


work in tandem to drive Bank 1. In ever desired. If no refreshes are 


NORMAL CYCLE TIME 


INTERLEAVED 
CYCLE TIME 


Figure 5. 8207 Bank interleaving 
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vals 7" >a e : ree use 
requested in. 15 ps,” the 8207 may 
generate an internal "failsafe" 
refresh. The internal refresh may be 


so that the only 
those externally 
bursts of. 126 


turned off entirely, 
refresh cycles are 
generated. In this case, 
refresh cycles (internally counted) 
will also be performed by activating 
the REFRQ for a slightly longer period 
of time. 3 


Since the refresh cycles are 
timed from the 8207 clock input, the 
number of clocks between refresh cy- 
cles may be programmed to allow for 
differences in clock frequencies 
between 3.5 MHz and 16 MHz. 


ECC Interface 


The 8207 may also be programmed 
to support error checking and correc- 
tion (ECC). When in this mode, cycle 
timings are adjusted and several pins 


change function to support the compa- 
nion 8206 Error Detection and Correc- 
in Figure 6. 


tion Unit, as shown 


Eee 
ee eM 


ERR 
nee DATA 


The 8206 (described in Figure 7) 
can correct single bit errors in any 
memory word, and detect (but not cor- 
rect) all double bit errors, and some 
errors of more than two bits. Each 
8206 does error correction on a 16-bit 
slice of the memory word, and up to 
five 8206s may be cascaded for 80-bit 
data words. 


The 8206 generates modified Ham- 
ming code check bits on write cycles, 
checks for and corrects errors on read 
cycles, and generates an error flag, a 
correctable/uncorrectable error’ flag, 
and syndrome outputs which may be used 
to pinpoint the bit in error for error 
logging. Both data and check bit er- 
rors are corrected automatically, 
without changing the mode of the 8206. 


Control inputs are provided for byte 
writes. A data/check bit input latch 
Re provided. Unique separate 


data/check bit input and data/ check 
bit output busses reduce. the amount of 
control required to implement an ECC 
memory system. 


8206 


V/O 


Figure 6. ECC interface 
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Figure 7. 8206 Logic Symbol 


correctable errors dicsovered 
read cycles are immediately 
in RAM. The 8207 monitors 
the 8206 flag during read cy- 
cles. If it is active, the read cycle 
is lenghtened to become a read-modify- 
write cycle; the 8207 also activates 
an Error Strobe which can be used to 
latch the 8206 error flags and 
Syndrome outputs for error. loggging, 
or to interrupt the microprocessor. 
During byte write cycles, error 
correction is automatically done on 
the byte(s) of the word not being 
changed. 


All 
during 
corrected 


To further increase memory reli- 
the 8207 does memory scrub- 
bing during RAM refresh, as shown in 


Figure 8. During a refresh cycle, the 
8207 refreshes one row in all banks. 
It also outputs a column address and 
activates one of the four outputs, 
to read one word of memory. That word 
416 checked for errors’ by the 8206; if 
any are found, the corrected data is 
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By this pro- 
is scrubbed of 
or ~ Tess. 


written back into RAM. 
cess, the entire memory 
errors every 30 seconds 
making the possibility of two soft 
errors accumulating in the same word 
(an uncorrectable error) virtually nil. 


RAM Initialization 


Upon system reset, the 8207 re- 
its refresh counter and performs 
four banks at once 


sets 
eight cycles to all 
to “warm up" the dynamic RAMs (many 
dynamic RAMS require this warm-up 
period after power up for stable 
operation). 

In ECC mode, the 8207 also ini- 
tializes all of memory to zero data 
and the corresponding check bits. It 
does this by activating the 8206 Write 
Zero input and performing consecutive 
write cycles to each memory location. 
This is done because on power up the 
contents of the RAM are undefined, and 
subsequent byte writes may cause false 
"errors" due to the undefined data in 
memory. Because the time to do this 


ADDRESS TO BE SCRUBBED 


———————-- > 
ADDR REFR ROW COLUMN 


RAS (ALL FOUR) 


RAM DATA OUT 
(GOES TO 8206) 


ERROR 


CORRECTED DATA 
(GOES TO RAM DATA IN) 


NOTE: DOTTED LINES SHOW CASE WHERE NO 


ERROR IS DETECTED. 


FiGure 8, 


ScRUB CycLeE (ERRorR DISCOVERED 


AND CORRECTED IN RAM) 


4 


is fairly long, about 1 second, the 
8207 may be programmed to skip initia- 
lization on reset. 


Any memory requests during’ the 
warm up/initialization sequence will 
be latched internally and responded to 
as soon as the sequence is complete. 
By having the 8207 do these "“house- 
keeping" tasks, they are no longer a 
burden on the system software, and 
they are done faster than would be 
possible by software. 


SUMMARY 


dynamic RAM controllers 
integrated control 
‘The 8207 is the 


Previous 
have offered either 
or high performance. 
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first dynamic RAM controller to pro- 
vide complete dynamic RAM control on a 
single chip and no wait state perform- 
ance with all Intel microprocessors, 
including the iAPX-286. 


offers 


In addition, the 8207 
other advanced features, such as ECC 
control, automatic error scrubbing, 
and a dual-port RAM interface. 
ACKNOWLEDGEMENTS 
The authors wish to thank Moti 
Mebel, David Perlmutter, Beni Mantel, 


and Omer Zak, for their contributions 
to the design of the 8206 and 8207. 


a’ Ti a. 


ee 
M,Z yp Rte eh rte tt 
> eee Sey SE a 
ees ee is 
: 0 5 eee oe ale 
ue cat 


+, hse eeie 
Nr an 
of ee 


34/2 — 


ats ) *A-Waw Physica) Mechanism ae Soft” Errors ‘- Dynamic Memories" — 

ae roe mothy C. May, Murray H. Woods, INTEL Corp. 

‘gies EE Proceedings of the nt * Reliability Physics Symposium, april (1978. 
- #aipha- Particle-Induced Soft Error Rate Model ing" 

pecs ourde A. Sai-Halasz, IBM Research Center| 

peur FF Int'l Solid State Circuits Conference, Feb. 1982. 

oN e Seep ; 
aa 3 “Keep Memory Design Simple Yet Cull Single-Bit Errors" | 
foe M, Bares, 1. Farrell. 6..May, M.(Mebel, INTEL Corp. bite S ; 
Bieter Design, Sept. 30, 1981. | 


4 LP Jax 


4 
pot 
mn 
‘ s 
t 7 
Leia” 
— + 


” 


oe “Memory System Reliability with ECC": Intel Ap Note 73. 
oe Aeon Marston, INTEL Corp. 
a75. ete ¥ one 
[5]. "An NMOS DRAM Controller" 
PM, OM. _Bazes, J. Nadir, D. Perlmutter, B. Mantel, 0. .2aks -TNTEL—-Corp, 
«IEEE Int '1 be State Circuits Conference, Feb. eee. 


P i ‘ - 
2 * 
! 
‘ 
= \ 
 ) 
ad 7 4 
ra 
fies 4 
' 
> 
t ‘ 
2 - 
\ 
" i 
a 
: ; 
f 
” ; 
' 
‘ 
< ‘ 
! 
' = 
j 
' 
€ » 
a , 4 
oy a. ue . 
a Zz ws he Ad fie 7h 
= i eed <— - “ 
7 a ot Be +2. 3" o%, 
— ae 4 ‘ \ ci a m0 7 = 
: ty ‘ ae \ i j ; a, i on aed P ‘ - 

b. aa 4, .4 _ + d . “_ ; as — ‘ q > . ih ea ~~ eS ne =n 
Sey y ete ‘+, = ’ , ; . Sa 4 - sé . : ) << Ft Gen 4 es 2 Se ee, 
pareaee sis ota. Riel, 6-72 y ee creer hes tc 

rel bt Bes OF it ' —- re Aer S a Se ee ae St SS iy Shug ae 

J Lt Soe ‘ 5 “ < r a ee es >. at 
ed aE ya Ow ee a ek pt ee pln, Ce “4 ‘ ag i ee ietar nk Uy ase a 


© 1982 IEEE. Reprinted, with permission, from 1982 IEEE International Solid-States Circuits Conterence. 
10-12, 1982/San Francisco, CA. 


At es hy 
Sie: ey. . ‘ 6-73 
> ee ae r. ct “+ 


Digest of Technical Papers, Feb. 


August 1982 _ 


j > 


7 AUGUST 1982 
ORDER NUMBER: 210590-001 


TECH PAPER 


SESSION VII: DYNAMIC RAMs 


WPM 7.4: An NMOS ORAM Controller 


Mel Bazes, Jarnes Nadir, David Perimutter, Beny Mantel, Omer Zak 


Intel Corp. 
Santa Clara, CA 


TO DATE, integrated dynamic RAM controllers have been either 
optimized for speed or for features, with one usually at the ex- 
pense of the other. Controllers designed to give no wait states 
have required several additional TTL devices and delay lines to 
complete the basic dynamic RAM control functions. Integrated 
controllers have slowed today’s microprocessors by adding wait 
states. The chip to be described, the DRC (Dynamic RAM Con- 
troller), with its high level of integration, can support 8MHz 
CPUs with 1350ns DRAMs without wait states. The controller, 
operating in both single-port and dual-port configurations and in 
synchronous and asynchronous environments, supports error 
correction circuitry, and provides all of the timing and control 
signals necessary for a memory module. Two microprocessor 
bus ports are independently programmable for either synchronous 
or asynchronous operation, and each is capable of supporting 
several possible bus structures. 

The chip, shown in Figure 1, is 233 by 199 mils and is fabri- 
cated in HIMOS II, a high-speed NMOS process. 

The architecture of the DRC has been optimized with con- 
sideration given both to performance goals and to technology 
limitations. Figure 2 illustrates a simplified block diagram of the 
DRC. The controller simultaneously processes commands from 
three ports, two externals ports which give read/write commands, 
and an internal port which gives refresh commands. To intro- 
duce only a minimal delay in the start of a RAM cycle, “up 
front” arbitration between the three ports was ruled out. In- 
stead, the port commands are directly multiplexed into the RAM _ 
timing generators, with the arbiter selecting only one of the 
multiplexer channels at any time, even when no cycle is in pro- 
gress. When two or more commands arrive simultaneously, the 
commands not serviced are queued. While the RAM cycle for 
the selected port is in progress, the arbiter processes the com- 
mands from the other ports. The arbiter will select the next 
port to be serviced even before the current RAM cycle has 
finished, but only late enough in the cycle so that the cycle is 
not affected. Thus, as soon as the current cycle is. completed, the 
cycle for the next port starts with little or no delay. In general, 

a command from a selected port is serviced with little or no delay, 
while a command from an unselected port is serviced with a delay 
equal to the arbitration time. Two user-selectable arbitration 
algorithms are available on the DRC. 

The DRC operates in either of two modes, an 8MHz mode for 
optimal performance wih the present day CPUs and an 16MHz 
mode for optimal performance with future CPUs*. The relatively 
high frequency of the clock in 16MHz mode, coupled with its 
variable clock parameters (15ns low time and 20ns high time) 
necessitated taking a novel approach to the DRC logic and circuit 


*INTEL 286 
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design. Instead of using two-phase logic, most common in NMOS 
design, the DRC was implemented using single-phase edge 
triggered flipflops. The use of only one clock phase inherently 
precludes the problem of clock overlap, while sequencing logic on 
a single clock edge provides several important benefits. First, the 
sensitivity to clock low and high times is greatly reduced. Second, 
logic design is significantly simplified. Third, overall logic 
throughput can be made more efficient than with two-phase 
logic. Finally, the straightforward logic design results in simplified 
circuit design, as evidenced by the fact that the first iteration of 
the DRC that was fabricated was functional at the full 1}6MHz 
clock frequency. 

The DRC output pulse timings have been selected for optimal 
performance within at least the 62.5ns resolution provided by the 
clock. In the case of the critical Row Address Select (RAS), 
Column Address Select (CAS), and address outputs, the resolu- 
tion obtained is down to only a few nanoseconds and is provided 
internally by specially designed delay elements. These delay ele- 
ments are implemented as voltage controlled capacitive loads 
which compensate the chip output switching delays against supply. 
temperature, and processing variations. 

In asynchronous environments, access time is improved by 
requiring an overhead of only one 62.5ns clock period in synch- 
ronizing up asynchronous inputs. 

An important feature of the DRC is its ability to sample a 


~ single input with a setup time of only 20ns and to clock out 


several different output signals from that single input in under 
35ns. This low setup time is obtained by using zero-resistance 
input protection devices to reduce RC delays, and to provide TTL- 
to-MOS buffering directly at the generator circuits, rather than at 
the input pads. The short output delay is obtained by triggering 
the output generators directly off of the unbuffered external 
clock, thereby saving the buffer delay time present in the buffered 
clock. Figure 3a illustrates an example of a high-speed pulse 
generator circuit which is triggerable off of either the clock rising 
edge or the clock falling edge. The pulse generator timing beha- 
vior, is shown in Figure 36. 

The objective of creating a highly-integrated dynamic RAM 
controller has resulted in a flexible device with sophisticated 
arbitration between ports, optimized output pulse timings, and 
minimal input setup and output delay times, and which allows 
designing higher performance memories using slower speed 
dynamic RAMs. 
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FIGURE 1—Die photograph of the DRAM controller. 
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FIGURE 2—Simplified block diagram of DRAM controller. 


: 
SGWALS: 


Clim — @xTeawar CLoce 
at © — METER AL CLOCK (DEMVED FROW CLR) 
m2 ; ; STAT _ sraat ouse : 


wi, . Eup — two PULSE . 4, 
- Wee FELL - CLOCK THGGER EDGE (STATIC HONAL) ; ee : oo 
’ (ONT — OUTPUT (TO OUTPUT BUFFER, J ’ 6 , <6 as 
* ‘ ." | 
j STRT 
> ; 7" ENO ‘ 
Out 
(MSE FALL = 1) 
‘ ouT 4 ' 
(MISE-FALL = 
” ' 
' of j x 


FIGURE 3: (a)-Above—high speed pulse generator : ; fe | 
: e, ze 3 circuit, triggerable off of either clock edge; (6)— ~ 3 . 


Soa ey below—timing wave forms for the pulse generator 
7 3% iy | - Greuit. 
/ * y be 
y 
‘ r = é 
\ 
. ¥ / f 
i 
! | : 
; 
. 
i 
- ' 
% a 
i af , : 
J i 
\ . y 

4 a ; Z : , \ 

| - ‘ 

wf wih ' om | ¥ 

‘ 7 . : ‘ 
2 6-76 
“=? a 4 ays | a5 
of SAP Spee Ue ' — Ye yk ee * vy eis 7 


. rs Sea CF? i +e at — 35 oo ‘> =“. & ™ —_—_— = 
— *; | ape F .S ett rte 7 6, te es Sek Paes _ a3 —_ ETE SS x 
ips: ; sae : os) ce ? ye Ha 
bua his iin ee Sie oe ae eo be oe aes 
™, "4 ye “, . mi . a cay. 4-5 1 G ee yy 
oe / sae at lr 
" es 
t 


8202A 
DYNAMIC RAM CONTROLLER 


w Provides All Signals Necessary to Con- = Provides Transparent Refresh Capability 
trol 2117, or 2118 Dynamic Memories 
a Fully Compatible with Intel® 8080A, : , 
w Directly Addresses and Drives Up to 64K 8085A, iAPX 88, and iAPX 86 Family Micro- we 
Bytes Without External Drivers processors 


a Provides Address Multiplexing and = Decodes CPU Status for Advanced Read 3 
Strobes Capability with the 8202A-1 or 8202A-3 Me 


w Provides a Refresh Timer and a Refresh = Provides System Acknowledge and Trans- ai 
Counter fer Acknowledge Signals “e 


m Refresh Cycles May be Internally or Exter- @ Internal Clock Capability with the 8202A-1 
nally Requested | or 8202A-3 


The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2117 or 
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address 
strobes, as well as refresh/access arbitration. The 8202A-1 or 8202A-3 support an internal crystal oscillator. 


\ 


TC«S «UT 9-OUT 6 
' AHa [ ]1 401_] Vcc 
' , Atg LJ] 2 39 [_] AHs 
AH2 |_| 3 38] | AHe 
AHi |_] 4 37 [__](x1)cLk 
AHo [_] 5 36 [_{xo) oP2 
ALo [|_| 6 6. 


AHo-AHg 


COLUMN 
ADDRESS 


ALo-AL6 


ROW 
ADDRESS 


Bo RAS ouTo L]7 34 [_] REFRO/ALE 
ALi [ }8 33 PCS 
REFRESH B1/OP1 RAS S 
COUNTER ARS. ouT; L}9 32 |_] RD/s1 
AL2 |_] 10 31] | WR 
RAS3 
ABy/s1 OuT2 LJ 11 30 |_] SACK 
bated SYNC AL3 [_] 12 29 |] XACK 
PCS CAS OuTs [_] 13 28 | | WE 
WE Al4 [ ] 14 27 [] Cas 
ARBITER GENERATOR 
ouT4 [_] 15 26 |_| RAS3 
AL 1 
SACK 5 L]} 16 25 [_] B1/oP, 
REFRQ/ALE LATCH ~ outs [_}17 241 | Bo 
XACK 
Ate. |_| 18 23 [ ] RAS2 
duUTs [_]} 19 22 |_| RAS; 


GND [ ] 20 21] | RASo as : 

REFRESH ; = 
TIMER OSCILLATOR he 
xs 

(xo) OP2 ire 


(X14) CLK 


Figure 1. 8202A Block Diagram Figure 2. Pin Configuration : sii 
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8202A 


Table 1. Pin Descriptions - 


Address Low: CPU address in- 
puts used to generate memory 
row address. 


Address High: CPU address in- 
puts used to generate memory 
column address. 


Bank Select Inputs: Used to 
gate the appropriate RASo- 
RASg output for a memory cy- 
cle. By/OP option used to se- 
lect the Advanced Read Mode. 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 


PCS goes inactive before cycle 
completion. 


Memory Read Request: S1 
function used in Advanced Read 
mode selected by OP (pin 25). 


External Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OP ; (pin 25). 


Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dynamic 
RAM array. (Note that the OUTo., 
pins do not require inverters or 
drivers for proper operation.) 


Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 


Column Address Strobe: This 
output is used to latch the Col- 
umn Address into the Dynamic 
RAM array. 


Row Address Strobe: Used to 


latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8202A Bank Select 
pins (Bo, By/OP}). 


Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator. If Xo/ OP is connect- 
ed to a 1KQ resistor pulled to 
+12V then X;/CLK becomes a 
TTL input for an external clock. 


ies ee Reserved for future use. 
veo |[+0 | [Power Suppitsv. 
ene: ee ded mire Sek et 


NOTE: Crystal mode for the 8202A-1 or 8202A-3 only. 


(X4) CLK 


FUNDAMENTAL XTAL 


Figure 3. Crystal Operation for the 8202A-1 
and the 8202A-3 
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Functional Description 

The 8202A provides a complete dynamic RAM controller 
for microprocessor systems as well as expansion memory 
boards. All of the necessary control signals are pro- 
vided for 2117 and 2118 dynamic RAMs. 


All 8202A timing is generated from a single reference 
clock. This clock is provided via an external oscillator or 
an on chip crystal oscillator. All output signal transitions 
are synchronous with respect to this clock reference, ex- 
cept for the CPU handshake signals SACK and XACK 
(trailing edge). 


CPU memory requests normally use the RD and WR in- 


puts. The advanced READ mode allows ALE and S1 to be 


used in place of the RD input. 


Failsafe refresh is provided via an internal refresh timer 
which generates internal refresh requests. Refresh re- 
quests can also be generated via the REFRQ input. 


An on-chip synchronizer / arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8202A clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 


- Option Selection 


The 8202A has two strapping options. When OP, is se- 
lected (16K mode only), pin 32 changes from a RD input to 
an $1 input, and pin 34 changes from a-REFREQ input to 
an ALE input. See “Refresh Cycles” and “Read Cycles” 
for more detail. OP; is selected by tying pin 25 to 
+ 12V through a 5.1K ohm resistor on the 8202A-1 or 
8202A-3 only. 


When OPo is selected, by connecting pin 36 to +12V 
through a 1K ohm resistor, pin 37 changes from a crystal 
input (X 4) to the CLK input for an external TTL clock. 


Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a 
refresh cycle. External refresh requests will reset the 
refresh timer. é 


Refresh Counter 
The refresh counter is used to sequentially refresh all of 


XQg/OPo_ : 


CT ee Normal Function Option Function 
B1/OP1 Pe ae 2 aa Bank (RAS) Select Advanced-Read Mode (see text) 
Crystal Oscillator (8202A-1 or 8202A-3) External Oscillator 


Figure 4. 8202A Option Selection 
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the memory’s rows. The 8-bit counter is incremented after 


every refresh cycle. 


7 


Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy- 
cle, ALo—ALg are gated to OUTo-OUTg, then AHo—AHg 
are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


OUT 9-OUT¢ do not need inverters or buffers unless addi- 


tional drive is required. 


Synchronizer / Arbiter 

The 8202A has three inputs, REFRQ/ALE (pin 34), RD 
(pin 32) and WR (pin 31). The RD and WR inputs allow an 
external CPU to request a memory read or write cycle, 
respectively. The REFRQ/ALE allows refresh requests to 
be requested external to the 8202A. 


All three of these inputs may be asynchronous with re- 
spect to the 8202A’s clock. The arbiter will resolve con- 
flicts between refresh and memory requests, for both 
pending cycles and cycles in progress. Read and write re- 
quests will be given priority over refresh requests. 


System Operation | 
The 8202A is always in one of the following states: 


a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 
d) READ Cycle 

e) WRITE Cycle 


The 8202A is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8202A will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 


¢ 
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Test Cycle 

The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are requested 
by activating the RD and WR inputs, independent of 
PCS. The TEST Cycle will reset the refresh address 
counter. It will perform a WRITE Cycle if PCS is low. 
The TEST Cycle should not be used in normal system 
operation, since it would affect the dynamic RAM 
refresh. 


Refresh Cycles 
The 8202A has ag ways of providing dynamic RAM re- 


fresh: 


1) Internal (failsafe) refresh 
2) External (hidden) refresh 


Both types of 8202A refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain inac- 
tive. 


Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
all rows of the dynamic RAM occurs every 2 milliseconds. 
lf REFRQ is inactive, the refresh timer will request a re- 
fresh cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202A clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A is not in the middle of a cycle. 


Simultaneous memory request and external refresh re- 
quest will result in the memory request being honored first. 
This 8202A characteristic can be used to “hide” refresh 
cycles during system operation. A circuit similar to 
Figure 5 can be used to decode the CPU’s instruction 
fetch status to generate an external refresh request. The 
refresh request is latched while the 8202A performs the 
instruction fetch; the refresh cycle will start immediately 
after the memory cycle is completed, even if the RD input 
has not gone inactive. If the CPU’s instruction decode time 
is long enough, the 8202A can complete the refresh cycle 
before the next memory request is generated. 


Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 


8202A 


Figure 5. Hidden Refresh 


Read Cycles 
The 8202A can accept two different types of memory 
Read requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the S1 and ALE inputs 


The user can select the desired Read request configura- 
tion via the B1/OP1 hardware strapping option on pin 25. 


Normal Read Advanced Read 


Pin 25 B1 input +12 Volt Option 
Pin 32 RD input $1 input 


Pin 34 REFRQ input ALE input 


# RAM banks 4 (RAS 0.3) 2 (RAS 9.3) 
Ext. Refresh Req.| Yes ; No 


Figure 6. 8202A Read Options 


Normal Reads are requested by activating the RD input, 


and keeping it active until the 8202A responds with an: — 


XACK pulse. The RD input can go inactive as soon as the 
command hold time (tcHs) is met. 


Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 


lf a Read cycle is requested while a refresh cycle is in 
progress, then the 8202A will set the internal delayed- 
SACK latch. When the Read cycle is eventually started, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU’s READY 
setup and hold times. The delayed-—SACK latch is cleared 
after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
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normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 


Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Write cycles are 
“early-write” cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 


General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests, 
and should also pullup WR to keep the 8202A out of its 
test mode. 


in order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The 8202A tap AC parameter should be used for 
this system calculation. 


The BO-B 1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8202A 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 


ah 
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A microprocessor system is concerned with the time data 
is valid after RD goes low. See Figure 7. In order to calcu- 


late memory read access times, the dynamic RAM’s A.C. 


specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and the CAS-access time (tcac). Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable tec, max (8202A) + tcac 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 


Since the 8202A normally performs “early-write” cycles, 
the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM’s data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 


Delaying the WR input will delay all 8202A timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 

lf the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 


Figure 7. Read Access Time 
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DATA BUS 


Figure 8. Typical 8088 System 2 


ABSOLUTE MAXIMUM RATINGS’ 


Ambient Temperature Under Bias ............ 0°C to 70°C 
Storage Temperature ................ —~65°C to-+150°C 
Voltage On any Pin 

’ With Respect to Ground................ —0.5V to +7V4 
POET We i ew Fo a tnd bales Roe oe ve 1.5 Watts 


“NOTE: Stresses above those listed under “Absolute Maxi- — 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. CHARACTERISTICS Ta = 0°C to 70°C; Voc = 5.0V + 10%, Voc = 5.0V + 5% for 8202A-3, GND = OV 


Parameter 


Input Clamp Voltage 
Power Supply Current 


Output Low Voltage 
SACK, XACK 
All Other Outputs 


Output High Voltage 
SACK, XACK 
All Other Outputs 


Input Low Voltage 
Input High Voltage 
Option Voltage 


NOTES: 
1. Ip = 200uA for pin 37 (CLK) for external clock mode. 


2. For test mode RD & WR must be held at GND. 
3. Except for pin 36. 


4. 8202A-1 and 8202A-3 supports both OP, and OP». 8202A only supports OP». 


+12 Voit 
+10% 


Resistor Tolerance: +5% 


‘ 


6-83 


Ve = 0.45V 
VF = 0.45V 


0.65V | 
=-—-1mA 
IOH = —1 MA 


Voc = 5.0V (Note 2) 
Vcc = 5.0V . 


F = 1 MHz 
VBIAS = 2.5V, Voc = 5V 
TA = 25°C 
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A.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V + 10%, Voc = 5V + 5% for 8202A-3 


Measurements made with respect to RASg-RAS3, CAS, WE,OUT9-OUT¢ are at 2.4V and 0.8V. All 
ee other pins are measured at 1.5V. All times are in nsec. 


External Clock Low Time—above (>) 20 mHz 
External Clock Low Time—below (<) 20 mHz 
Memory Cycle Time 


RD, WR, ALE, REFRQ delay from RAS 


RD, WR, ALE to CAS Delay Stp + 25 


CMD Setup to Clock 


RD, WR, ALE to SACK Delay ee 
CAS to XACK Delay | Stp= 25 


ACK to CAS Setup 


6-84 


AFN 01838A 


WAVEFORMS 


3 
=~ 
Oo 
© 
= 
> 
toes 
5 
3 
« 
E 
3 
2 


Advanced Read Mode 
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WAVEFORMS (cont’d) 
Memory Compatibility Timing 


Bo-B1 
ALo-ALé6, 
AHo-AH6é 


VALID ADDRESS 


QUT o9-OUT6 


COLUMN 
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WAVEFORMS (cont’d) : 


Read or Write Followed By External Refresh 
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WAVEFORMS (cont’d) 
Clock And System Timing 


RD, WR, ALE 


Table 2 8202A Output Test 


Loading. 


CL = 30 pF 


CL = 160 pF 
CL = 60 pF 

CL = 224 pF 
CL = 320 pF 


NOTES: 
. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs do 


not have to be externally synchronized to 8202A clock. 


. If tag min and tyypg min are met then, toa, tcp, and tcc are 


valid, otherwise tcs is valid. 


. tasr: tRAH: taSC: tCAH, 8nd trsH depend upon BO-B1 and CPU 


address remaining stable throughout the memory cycle. The ad- 
dress inputs are not latched by the 8202A. 


. For back-to-back refresh cycles, tao max = 13tp 
. tro max is valid only if taagp min is met (READ, WRITE followed 


by REFRESH) or tyyrap min is met (REFRESH followed by READ, 
WRITE). 


. tRER is valid only if tag min and tpyys min are met. 
. txw min applies when RD, WR has already gone high. Otherwise 


XACK follows RD, WR. 


. WE goes high according to twcou or tww. whichever occurs 


first. 
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A.C. TESTING LOAD CIRCUIT 


9. 
10. 
11. 
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DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 


tca applies only when in normal SACK mode. 

tcs applies only when in delayed SACK mode. 

tcHs must be met only to ensure a SACK active pulse when in 
delayed SACK mode. XACK will always be activated for at 
least txw (tp—25 nS). Violating tcys min does not otherwise 
affect device operation. 
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The typical rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction 


OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine 
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load. 


A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 


= 
- 
2 
a 
- 
2 
° 


NOTE: MEASUREMENT CONDITIONS: 
Use the Test Load as the base capacitance for estimating timing Ta = 25°C Pins-not measured are loaded with the 
shifts for system critical timing parameters. Voc = +5V Test Load capacitance. 
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‘< capi? Find the effect on ton $i tec using 64 Ze From the waveform diagrams, we determine that 
2 a D namic RAMs configured in 4 banks. the falling edge timing is needed for tcr and tcc. 


te Determine the typical RAS. andCAS capacitance: Next iti ‘the curve that best approximates the 


a 16 es 2 RAS load = 64 pF + boat capacitance. 3. If we use 72 pF for RAS loading, then the teh 
aaa CAS load = 256 pF + board capacitance. _ (max.) spec should be increased by about 1 ns. 
‘Assume 2 pF/in (trace length) for board —— Similarly if we use 288 pF for CAS, then tcg¢ (min.) 
De aa and (max.) should decrease about 1 ns. 
Neen ‘ 
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8203 
64K DYNAMIC RAM CONTROLLER 


= Provides All Signals Necessary to 
Control 64K (2164) and 16K (2117, 2118) 
Dynamic Memories 


m Directly Addresses and Drives Up to 64 
Devices Without External Drivers 


@ Provides Address Multiplexing and 
Strobes 


m Provides a Refresh Timer and a Refresh 
Counter 


gw Provides Refresh / Access Arbitration 


ma Internal Clock Capability with the 8203-1 
and the 8203-3 


= Fully Compatible with Intel® 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro- 
processors 


= Decodes CPU Status for Advanced Read 
Capability in 16K mode with the 8203-1 and 
the 8203-3. 


= Provides System Acknowledge and Trans- 
fer Acknowledge Signals 


m Refresh Cycles May be Internally or Exter- 
nally Requested (For Transparent Refresh) 


@ internal Series Damping Resistors on All 
RAM Outputs 


The Intel® 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 2118 
or 2117 Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address 
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The 


8203-1 and the 8203-3 support an internal crystal oscillator and Advanced Read Capability. The 8203-3 isa +5% Voc 


part. 


AHo-AH7 


Ata | }1 40] | ¥cc 
AH3 [_} 2 39 | _] AHs 
ALo-AL7 AH2 |} 3 38 |__| Ag 
AH; [_] 4 37 [_] X1/CLK 
AHo |_} 5 36 |_} Xo/0P2 
Ato [16 35 [_] 16K/64K 
OUTo (_} 7 34 |_] REFRQ/ALE 
_ AL; LJ] 8 33 |_| BCs 
RAS; 
ouT; Lis 32 |_] RD/s1 
—o AL2 |_] 10 31 {| WR 
RO/s1 OuTe LJ 1i 30 |_} SACK 
os cas AL3 [|_| 12 29{ | XACK 
we OUT3 [_] 13 28{ | WE 
Ala [} 14 27 [| Cas 
SACK OUT, [_} 15 26 |_] RAS3 (Bo) 
REFRO/ALE TARR ALs [_] 16 25 | | B+/OP, (AH7) 
outs [_] 17 24 |__] Bo (AL7) 


Figure 1. 8203 Block Diagram 
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Ate; [_] 18 23 [_] RAS2 (OUT?) 
OUTs |_| 19 RAS; 
Gnd [ | 20 21] | RASo 


Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 


Address Low: CPU address in- 
puts used to generate memory 
row address. 


Address High: CPU address in- 
puts used to generate memory 
column address. 


Bank Select Inputs: Used to 
gate the appropriate RAS output 
for a memory cycle. By/OP op- 
tion used to select the Advanced 
Read Mode. (Not available in 
64K mode.) See Figure 5. 
When in 64K RAM Mode, pins 24 
and 25 operate as the AL7 and 
AH7 address inputs. 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 


Memory Read Request: S1 
function used in Advanced Read 
mode selected by OP (pin 25). 


External Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OP (pin 25). 


Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dy- 
namic RAM array. (Note that the 
OUTo.7 pins do not require in- 
verters or drivers for proper op- 
eration.) 


Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 


Column Address Strobe: This 
output is used to latch the Col- 
umn Address into the Dynamic 
RAM array. 


Name and Function 


Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8203 Bank Select pins 
(Bo, By/OP,). In 64K mode, 
only RASo and RAS, are avail- 
able; pin 23 operates as OUT7 
and pin 26 operates as the Bo 
bank select input. 


fog Rte 
8 M2 
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Transfer Acknowledge: This 
output is a strobe indicating val!- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator. If Xg/OPo is shorted 
to pin 40 (Vcc) or if Xg/OPo is 
connected to +12V through a 
1KQ resistor then X;/CLK be- 
comes a TTL input for an exter- 
nal clock. (Note: Crystal mode 
for the 8203-1 and the 8203-3 
only). 


Mode Select: This input selects 
16K mode (2117, 2118) or 64K 
mode (2164). Pins 23-26 
change function based on the 


16K/64K | 35 
mode of operation. 


ES Ga Power Supply: +5V. 
cake Ee Slee Co eens 


Functional Description 

The 8203 provides a complete dynamic RAM control- 
ler for microprocessor systems as well as expansion 
memory boards. All of the necessary control signals 
are provided for 2164, 2118 and 2117 dynamic RAMs. 


The 8203 has two modes, one for 16K dynamic RAMs 
and one for 64Ks, controlled by pin 35. 
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8203 


Cs < 10pF 


FUNDAMENTAL XTAL 


Figure 3. Crystal Operation for the 8203-1 and 


8203-3 


All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on- 
chip crystal oscillator. All output signal transitions are syn- 
chronous with respect to this clock reference, except for 
the trailing edges of the CPU handshake signals SACK and 
XACK. 


CPU memory requests normally use the RD and WR in- 
puts. The Advanced-Read mode allows ALE and S1 to be 
used in place of the RD input. 


Failsafe refresh is provided via an internal timer which gen- 
erates refresh requests. Refresh requests can also be 
generated via the REFRQ input. 


An on-chip synchronizer / arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8203 clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 


16K /64K Option Selection 

Pin 35 is a strap input that controls the two 8203 modes. 
Figure 4 shows the four pins that are multiplexed. In 16K 
mode (pin 35 tied to Vcc or left open), the 8203 has two 
Bank Select inputs to select one of four RAS outputs. In 
this mode, the 8203 is exactly compatible with the Intel 
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied 
to GND), there is only one Bank Select input (pin 26) to 
select the two RAS outputs. More than two banks of 64K 
dynamic RAM’s can be used with external logic. 


Crystal Oscillator (8203-1 and 8203-3) 


Other Option Selections 

The 8203 has three strapping options. When OP; is se- 
lected (16K mode only), pin 32 changes from a RD input to 
an S1 input, and pin 34 changes from a REFROQ input to an 
ALE input. See “Refresh Cycles” and “Read Cycles” for 
more detail. OP; is selected by tying pin 25 to +12V 
through a 5.1K ohm resistor on the 8203-1 or 8203-3 
only. 


When OP2 is selected, the internal oscillator is disabled 
and pin 37 changes from a crystal input (X41) to a CLK 
input for an external TTL clock. OP9 is selected by short- 
ing pin 36 (XQ/OP 2) directly to pin 40 (Vcc). No current 
limiting resistor should be used. OP2 may also be selected 
by tying pin 36 to +12V through a 1KQ resistor. 


Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh 
timer. 


Refresh Counter 

The refresh counter is used to sequentially refresh all of 
the memory’s rows. The 8-bit counter is incremented after 
every refresh cycle. 


Address Output (OUT7) 
Address Input (AL7) 
Address Input (AH7) 
Bank Select (Bo) 


Bank Select (Bo) 
Bank Select (B 1) 
RAS3 


Figure 5. Bank Selection 


| Para Normal Function Option Function 
B1/OP1 (16K only) /AH7 Bank (RAS) Select 


Advanced-Read Mode (8203-1, -3) 


External Oscillator 


X9/OPo2 


Figure 6. 8203 Option Selection 
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Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy- 
cle, ALo-AL7 are gated to OUTp-OUT7, then AHg-AH7 
are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


OUT -OUT7 do not need inverters or buffers unless addi- 
tional drive is required. 


Synchronizer / Arbiter 

The 8203 has three inputs, REFRQ/ALE (pin 34), RD (pin 
32) and WR (pin 31). The RD and WR inputs allow an ex- 
ternal CPU to request a memory read or write cycle, re- 
spectively. The REFRQ/ ALE input allows refresh requests 
to be requested external to the 8203. 7 


All three of these inputs may be asynchronous with re- 
spect to the 8203’s clock. The arbiter will resolve conflicts 


_ between refresh and memory requests, for both pending 


cycles and cycles in progress. Read and write requests 
will be given priority over refresh requests. 


System Operation 
The 8203 is always in one of the following states: 


a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 
d) READ Cycle 

e) WRITE Cycle 


The 8203 is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8203 will leave the IDLE 
State to perform the desired cycle. If no other cycles are 
pending, the 8203 will return to the IDLE state. 


Test Cycle 

The TEST Cycle is used to check operation of several 
8203 internal functions. TEST cycies are requested by ac- 
tivating the PCS, RD and WR inputs. The TEST Cycle will 
reset the refresh address counter and perform a WRITE 
Cycle. The TEST Cycle should not be used in normal sys- 
tem operation, since it would affect the dynamic RAM re- 
fresh. 
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Refresh Cycles 
The 8203 has two ways of providing dynamic RAM 
refresh: 

1) Internal (failsafe) refresh 

2) External (hidden) refresh 


Both types of 8203 refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain 
inactive. 


internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8203 clock to ensure that refresh of all 
rows of the dynamic RAM occurs every 2 milliseconds 
(128 cycles) or every 4 milliseconds (256 cycles). If 
REFROQ is inactive, the refresh timer will request a refresh 
cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8203 clock. 


The arbiter will allow the refresh request to start a refresh 


~ cycle only if the 8203 is not in the middle of a cycle. 


When the 8203 is in the idle state a simultaneous memory 
request and external refresh request will result in the mem- 


ory request being honored first. This 8203 characteristic 


can be used to “hide” refresh cycles during system oper- 
ation. A circuit similar to Figure 7 can be used to decode 
the CPU’s instruction fetch status to generate an external 
refresh request. The refresh request is latched while the 
8203 performs the instruction fetch; the refresh cycle will 
start immediately after the memory cycle is completed, 
even if the RD input has not gone inactive. If the CPU’s 
instruction decode time is long enough, the 8203 can com- 
plete the refresh cycle before the next memory request is 
generated. 


lf the 8203 is not in the idle state then a simultaneous mem- 
ory request and an external refresh request may result in 
the refresh request being honored first. 


» 


Figure 7. Hidden Refresh 
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Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 


Read Cycles 
The 8203 can accept two different types of memory Read 
requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the Si and ALE inputs (16K 
mode only) 


The user can select the desired Read request configura- 
tion via the B1/OP1 hardware strapping option on pin 25. 


Normal Read Advanced Read 


B1 input OP; (+12V) 
RD input S1 input 
REFRQ input ALE input 

# RAM banks 4 (RAS 0.3) 2 (RAS 9.3) 
Ext. Refresh Yes No 


Figure 8. 8203 Read Options 


Pin 25 
Pin 32 


Pin 34 


Normal Reads are requested by activating the RD input, 
and keeping it active until the 8203 responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tcHs) is met. 


Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 


‘Advanced Read timing is similiar to Normal Read timing, 


except the falling edge of ALE is used as the cycle start 
reference. 


lf a Read cycle is requested while a refresh cycle is in 
progress, then the 8203 will set the internal delayed- 
SACK latch. When the Read cycle is eventually started, 
the 8203 will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU’s READY 
setup and hold times. The delayed—SACK latch is cleared 
after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 
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Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8203 Write cycles are 
“early-write” cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 


General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests. 


In order to minimize propagation delay, the 8203 uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The tap AC parameter should be used for this sys- 
tem calculation. 


The Bo-B; inputs are similiar to the address inputs in that _ 


they are not latched. Bp and By should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 8203 uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8203 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8203. 


A microprocessor system is concerned when the data is 
valid after RD goes low. See Figure 9. In order to calculate 
memory read access times, the dynamic RAM’s A.C. 
specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and the CAS-access time (tcac). Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM wiil be stable tec,max (8203) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 


Since the 8203 normally performs “early-write” cycles, 
the data must be stabie at the RAM data inputs by the time 


CAS goes active, including the RAM’s data setup time. If. 


the system does not normally guarantee sufficient write 
data setup, you ‘must either delay the WR input signal or 
delay the 8203 WE ouiput. 


Delaying the WR input will delay all 8203 timing, including 
the READY handshake signals, SACK and XACK, which 
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may increase the number of WAIT states generated by the 
CPU. 


lf the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 


The RASo-3, CAS, OUTo-_7, and WE outputs contain on- 
chip series damping resistors (typically 200) to minimize 
overshoot. 


Some dynamic RAMs require more than 2.4V Vip. Noise 
immunity may be improved for these RAMs by adding pull- 
up resistors to the 8203’s outputs. Intel RAMs do not re- 
quire pull-up resistors. 


Figure 9. Read Access Time 
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K 275 Figure 10. Typical 8088 System 
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Figure 11. 8086/256K Byte System 
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ABSOLUTE MAXIMUM RATINGS’ 


Ambient Temperature Under Bias ............ 0°C to 70°C 
Storage Temperature ................ —65°C to +150°C 
Voltage On any Pin 

With Respect to Ground................ —0.5V to +7V4 
NT NR OES. s Knied a Gx aide dao 1.6 Watts 


*NOTE: Stresses above those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. CHARACTERISTICS 1, =0°C to 70°C; Vcc = 5.0V + 10% (5.0V + 5% for 8203-3); GND = OV 


| Units —_| Test Conditions 


Input Clamp Voltage 
Power Supply Current 


Forward input Current , 
CLK, 64K/ 16K Mode select 
All Other Inputs3 


Output Low Voltage 
SACK, XACK 
All Other Outputs 


Output High Voltage 
SACK, XACK 
All Other Outputs 


Input Low Voltage 
Input High Voltage 
Option Voltage 


Input Capacitance 


NOTES: 

1. IR = 200 pA for pin 37 (CLK). 

2. For test mode RD & WR must be held at GND. 
3. Except for pin 36 in XTAL mode. 


Vit = 0.65 V 
IOH = —1 mA 
IOH = —1 mA 


Vcc = 5.0V (Note 2) 
Voc = 5.0V 


F = 1 MHz 
VBIAS = 2.5V, Voc = 5V 
TA = 25°C 


4. 8203-1 and 8203-3 supports both OP1 and OP2, 8203 only supports OP2. 


+12 Voit 
+ 10% 


Resistor Tolerance: +5% 
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A.C. CHARACTERISTICS 
Ty = 0°C to 70°C; Voc = 5V + 10%(5.0V + 5% for 8203-3); GND = OV 


Measurements made with respect to RASg-RAS3, CAS, WE, OUT9-OUTg¢ are at 2.4V and 0.8V. All 
other pins are measured at 1.5V. All times are in nsec. 
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Normal Read or Write Cycle 
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WAVEFORMS (cont’d) 
Read or Write Followed By External Refresh 


<o—— (LL 
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Clock And System Timing 


RD, WR, ALE 


Tabie 2. 8203 Output Loading. 
All specifications are 
for the Test Load un- 
less otherwise noted. 


[Pin __| Test Load 


Cy. = 30 pF 
Ci = 160 pF 
CL = 60 pF 

CL = 224 pF 
Ci = 320 pF 


NOTES: 

1. tg¢ is a reference point only. ALE, RD, WR, and REFRQ inputs do 
not have to be externally synchronized to 8203 clock. 

2. If tRs min and tyyRs min are met then tca, tor, and tcc are valid, 
otherwise tcsg is valid. 

3. tasR: tRAH: tasc: tCAH, 8nd tRgH depend upon BO-B1 and CPU 
address remaining stable throughout the memory cycle. The ad- 
dress inputs are not latched by the 8203. 

4. For back-to-back refresh cycles, tao max = 13tp 

5. tRo max is valid only if taayp min is met (READ, WRITE followed 
by REFRESH) or tyyrp min is met (REFRESH followed by READ, 
WRITE). 

6. tReR is valid only if tRs min and trys min are met. 

4 txw ™ min applies v when RD, WR has already gone high. Otherwise 
XACK follows RD, WR. 

8. WE goes high according to tWCH OF tww. whichever occurs 
first. 
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A.C. TESTING LOAD CIRCUIT 


NOTE: (C;, includes jig capacitance } 


‘ 


. tca applies only when in normal SACK mode.de. 
10. 
Hi. 


tcs applies only when in delayed SACK mode. 

tcHs must be be met only to ensure a SACK active pulse 
when in delayed SACK mode. XACK will always be activated 
for at least txw (tp-—25 nS). Violating tcHs min does not 
otherwise affect device operation. 
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The typical rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction 
OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine 
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load. 


A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 


CAPACITANCE: pF 


Wg 


CAPACITANCE: pF 
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NOTE: MEASUREMENT CONDITIONS: 


Use the Test Load as the base capacitance for estimating timing 


shifts for system critical timing parameters. TA = 25°C Pins not measured pe loaded with 
: Voc = “+6V the Test Load capacitance 
tp = 50 ns 
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ample Ped the sls eset tcc using.22 2164 . 2. From the waveform diagrams, we determine that the 
Dynamic RAMs configured i in 2 banks. a falling edge timing is needed for tor and tcc. Next find 


the curve that best approximates the test load; i.e., 
nae 1. Determine the typical RAS and CAS corm 68 pF for RAS and 330 pF for GAB. | 
pe _ From the data sheet RAS = 5 pF and CAS = =. 5 pF. 
__.*, RAS load = 80 pF + board capacitance. be F wor to REAP TOE RS Bele ie es frocs tks 
= ce __ CAS load = 160 pF + board capacitance. should be increased by about 1 ns, and tcR (max.) 
- Assume 2 pF/in (trace length) for board capaci- spec should be increased by about 2 ns. Similarly if we 
tance and for this example 4 inches for RAS and use 176 pF for CAS, then tcc (min.) should decrease 
8 inches for CAS. eas by 3 ns and tcc (max.) should decrease by about 7 ns. — 
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WAVEFORMS (cont’d) , 
Memory Compatibility Timing | | 


Write Cycle Timing 
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ey, 82C03 
CMOS 64K DYNAMIC RAM CONTROLLER 


= Provides All Signals Necessary to NMOS 
(2164A) and CMOS Control (51C64) 64K 
Dynamic Memories 


= Directly Addresses and Drives Up to 64 
Devices Without External Drivers 


w Provides Address Multiplexing and 
Strobes 


a Provides a Refresh Timer and a Refresh 
Counter 


w Provides Refresh/Access Arbitration 
m= Internal Clock Capability 


a Provides System Acknowledge and Trans- 
fer Acknowledge Signals 


= Refresh Cycles May be Internally or Exter- 
nally Requested (For Transparent Refresh) 


@ Internal Series Damping Resistors on All 
RAM Outputs 


The Intel® 82C03 is a CMOS Dynamic Ram System Controller designed to provide all signals necessary to use 
51064 CMOS Dynamic RAMs in microcomputer systems. The 82C03 provides multiplexed addresses and address 
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The 82C03 


supports an internal crystal oscillator. 


AHo~-AH7 


REFRQ/ALE 


Figure 1. 82C03 Block Diagram 
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Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 


Address Low: CPU address in- 
puts used to generate memory 
row address. 


Address High: CPU address in- 
puts used to generate memory 
column address. 


Bank Select Inputs: Used to 
gate the appropriate RAS output 
for a memory cycle. By/OP  op- 
tion used to select the Advanced 
Read Mode. (Not available in 
64K mode.) See Figure 5. 
When in 64K RAM Mode, pins 24 
and 25 operate as the AL7 and 
AH7 address inputs. 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 


Memory Read Request: S1 
function used in Advanced Read 
mode selected by OP (pin 25). 


External Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OP; (pin 25). 


Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dy- 
namic RAM array. (Note that the 
OUTo.7 pins do not require in- 
verters or drivers for proper op- 
eration.) 


Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 


Column Address Strobe: This 
output is used to latch the Col- 
umn Address into the Dynamic 
RAM array. 
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Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8203 Bank Select pins 
(Bo, B,/OP}). In 64K mode, 
only RASg and RAS, are avail- 
able; pin 23 operates as OUT7 
and pin 26 operates as the Bo 
bank select input. 


Transfer Acknowledge: This 
Output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator. If Xg/OP2 is left open 
then X4/CLK becomes a TTL in- 
ie for an external clock. (Note: 
Crystal mode for the ae 
only). 


Mode Select: This input selects 
16K mode (2117, 2118) or 64K 
mode (2164). Pins 23-26 
change function based on the 


16K/64K | 35 
mode of operation. 


cc [0 | [Power super: +50 


Functional Description 

The 82C03 provides a complete dynamic RAM control- 
ler for microprocessor systems as well as expansion 
memory boards. All of the necessary control signals 
are provided for 2164A and 51C64 64K dynamic RAMs. 
As well as 16K dynamic RAMs. 


The 82C03 has two modes, one for 16K dynamic RAMs 
and one for 64Ks, controlled by pin 35. 
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Figure 3. Crystal Operation for the 82C03-1 


All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on- 
chip crystal oscillator. All output signal transitions are syn- 
chronous with respect to this clock reference, except for 
the trailing edges of the CPU handshake signals SACK and 
XACK. 


CPU memory requests normally use the RD and WR in- 
puts. The Advanced-Read mode allows ALE and S1 to be 
used in place of the RD input. 


Failsafe refresh is provided via an internal timer which gen- 
erates refresh requests. Refresh requests can also be 
generated via the REFRQ input. 


Anon-chip synchronizer/arbiter prevents memory and 
refresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may 
be asynchronous to the 82C03 clock; on-chip logic will 
synchronize the requests, and the arbiter will decide if 
the requests should be delayed, pending completion of 
a cycle in progress. 


16K /64K Option Selection 

Pin 35 is a strap input that controls the two 82C03 
modes. Figure 4 shows the four pins that are multi- 
plexed. In 16K mode (pin 35 tied to Vcc or left open), 
the 82C03 has two Bank Select inputs to select one of 
four RAS outputs. In this mode, the 82C03 is exactly 
compatible with the Intel 8202A Dynamic RAM Con- 
troller. In 64K mode (pin 35 tied to GND), there is only 
one Bank Select input (pin 26) to select the two RAS 
outputs. More than two banks of 64K dynamic RAM’s 
can be used with external logic. 


Ny B1/OP1(16K only)/AH7 | 25 


Bank (RAS) S 


Normal Function 


Crystal Oscillator 


82C03 


Other Option Selections 

The 82C03 has three strapping options. When OP, is 
selected (16K mode only), pin 32 changes from a RD 
input to an S1 input, and pin 34 changes from a REFRQ 
input to an ALE input. See “Refresh Cycles” and “Read 
Cycles” for more detail. OP; is selected by tying pin 25 
to +12V through a 5.1K ohm resistor. 


When OP@ is selected, the internal oscillator is disabled 
and pin 37 changes from a crystal input (X4) toa CLK 
input for an external TTL clock. OP9 is selected by 
leaving pin 36 (X9/OP2) open. 


Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh | 
timer. : 


Refresh Counter 

The refresh counter is used to sequentially refresh all of 
the memory’s rows. The 8-bit counter is incremented after 
every refresh cycle. 


Address Output (OUT7) 
Address Input (AL7) 
Address Input (AH7) 
Bank Select (Bo) 


Bank Select (Bo) 
Bank Select (B1) 
RAS3 


elect 


Figure 6. 8203 Option Selection 
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Address Multiplexer 7 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address. outputs, in 
conjunction with the RAS and CAS outputs, determine the 


address used by the dynamic RAMs for read, write, and 


refresh cycles. During the first part of a read or write cy- 
cle, ALQ-AL7 are gated to OUT9-OUT7, then AHo—-AH7 
are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


OUT Q-OUT7 do not need inverters or buffers unless addi- 
tional drive is required. 


Synchronizer / Arbiter 

The 82C03 has three inputs, REFRQ/ALE (pin 34), RD 
(pin 32) and WR (pin 31). The RD and WR inputs allow 
an external CPU to request a memory read or write 
cycle, respectively. The REFRQ/ALE input allows 
refresh requests to be requested external to the 82C03. 


All three of these inputs may be asynchronous with 
respect to the 82C03’s clock. The arbiter will resolve 
conflicts between refresh and memory requests, for 
both pending cycles and cycles in progress. Read and 
write requests will be given priority over refresh 
requests. 


System Operation 
The 82C03 is always in one of the following states: 


a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 
d) READ Cycle 

e) WRITE Cycle 


The 82C03 is normally in the IDLE state. Whenever one 
of the other cycles is requested, the 82C03 will leave the 
IDLE state to perform the desired cycle. If no other 
cycles are pending, the 82C03 will return to the IDLE 
state. 


Test Cycle 

The TEST Cycle is used to check operation of several 
82C03 internal functions. TEST cycles are requested 
by activating the PCS, RD and WR inputs. The TEST 
Cycle will reset the refresh address counter and per- 
form a WRITE Cycle. The TEST Cycle should not be 
used in normal system operation, since it would affect 
the dynamic RAM refresh. 
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Refresh Cycles . 
The 82C03 has two ways of providing dynamic RAM — 
refresh: 


1) Internal (failsafe) refresh 
2) External (hidden) refresh 


Both types of 82C03 refresh cycles activate all of the 
RAS ouputs, while CAS, WE, SACK, and XACK remain 
inactive. 


Internal refresh is generated by the on-chip refresh 
timer. The timer uses the 82C03 clock to ensure that 
refresh of all rows of the dynamic RAM occurs every 2 
milliseconds (128 cycles) or every 4 milliseconds (256 
cycles). If REFRQ is inactive, the refresh timer will 
request a refresh cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 
34). External refresh control is not available when the 
Advanced-Read mode is selected. External refresh 
requests are latched, then synchronized to the 82C03 
clock. 


The arbiter will allow the refresh request to start a 
refresh cycle only if the 82C03 is not in the middle of a 
cycle. 


When the 82C03 is in the idle state a simultaneous 

memory request and external refresh request will result 

in the memory request being honored first. This 82C03 

characteristic can be used to “hide” refresh cycles dur-_ 
ing system operation. A circuit similiar to Figure 7 can — 
be used to decode the CPU’s instruction fetch status to 
generate an external refresh request. The refresh 
request is latched while the 82C03 performs the 
instruction fetch; the refresh cycle will start imme- 
diately after the memory cycle is completed, even if the 
RD input has not gone inactive. If the CPU’s instruction 
decode time is long enough, the 82C03 can complete 
the refresh cycle before the next memory request is 
generated. ’ 


If the 82C03 is not in the idle state then a simultaneous 
memory request and an external refresh request may 
result in the refresh request being honored first. 


Figure 7. Hidden Refresh 
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Certain system configurations require complete external 


refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 


Read Cycles 
The 82C03 can accept two different types of eee 
Read requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the S1 and ALE inputs (16K 
mode only) . 


The user can select the desired Read request configura- . 


tion via the B1/OP1 hardware strapping option on pin 25. 


Normal Read Advanced Read 


B1 input OP; (+12V) 
RD input $1 input 
REFRQ input ALE input 

4 (RAS 0.3) 2 (RAS 9.3) 


Pin 25 
Pin 32 


Pin 34 
# RAM banks 
Ext. Refresh Yes No 


Figure 8. 82C03 Read Options 


Normal Reads are requested by activating the RD 
input, and keeping it active until the 82C03 responds 


with an XACK pulse. The RD input can go inactive as 


soon as the command hold time (tc}s) is met. 


Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 


except the falling edge of ALE is used as the cycle start. 


reference. 


If a Read cycle is requested while a refresh cycle is in 
progress, then the 82C03 will set the internal delayed- 
SACK latch. When the Read cycle is eventually started, 
the 82C03 will delay the active SACK transition until 
XACK goes active, as shown in the AC timing diagrams. 
This delay was designed to compensate for the CPU's 
READY setup and hold times. The delayed-SACK latch 
is cleared after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 


_of WAIT states, then either XACK or a delayed form of: 


SACK should be used. 
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Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, 
but goes active for Write cycles. All 82C03 Write cycles 
are “early-write” cycles; WE goes active before CAS 


goes active by an amount of time sufficient to keep the 


dynamic RAM output buffers turned off. 


General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests. 


In order to minimize propagation delay, the 82C03 uses 
an inverting address multiplexer without latches. The 
system must provide adequate address setup and hold 
times to guarantee RAS and CAS setup and hold times 
for the RAM. The tapnACparacmeter should be used for 
this system calculation. 


The Bo-B1 inputs are similiar to the address inputs in that 
they are not latched. Bo and B; should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 82C03 uses a two-stage synchronizer for the 
memory request inputs (RD, WR, ALE), and a separate 
two stage synchronizer for the external refresh input 
(REFRQ). As with any synchronizer, there is always a 
finite probability of metastable states inducing system 
errors. The 82C03 synchronizer was designed to have a 
system error rate less than 1 memory cycle every three 
years based on the full operating range of the 82C03. 


A microprocessor system is concerned when the data 
is valid after RD goes low. See Figure 9. In order to 
calculate memory read access times, the dynamic 
RAM’s A.C. specifications must be examined, espe- 
cially the RAS-access time (tr ac) and the CAS-access 
time (tc ac). Most configurations will be CAS-access 
limited; i.e., the data from the RAM will be stable tcc, 
max (82C03) + tcc (RAM) after a memory read cycle is 
started. Be sure to add any delays (due to buffers, data 
latches, etc.) to calculate the overall read access time. 


Since the 82C03 normally performs “early-write” cycles, 
the data must be stable at RAM data inputs by the time 
CAS goes active, including the RAM’s data setup time. 
If the system does not normally guarantee sufficient 
write data setup, you must either delay the WR input 
signal or delay the 82C03 WE output. 


Delaying the WR input will delay all 82C03 timing, 
including the READY handshake signals, SACK and 
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Figure 9. Read Access Time 


DATA BUS 


XACK, which may increase the number of WAIT states 
generated by the CPU. 


lf the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 


The RASg-3, CAS, OUTo-7, and WE outputs contain on- 
chip series damping resistors (typically 20Q) to minimize 
overshoot. 


Some dynamic RAMs require more than 2.4V Vj. 
Noise immunity may be improved for these RAMs by 
adding pull-up resistors to the 82C03’s output. Intel 
RAMs do not require pull-up resistors. 


16K DYNAMIC RAM ARRAY 


Figure 10. Typical 8088 System 
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ABSOLUTE MAXIMUM RATINGS’ 


Ambient Temperature Under Bias ............ 0°C to 70°C 
Storage Temperature ................ —65°C to +150°C 
Voltage On any Pin 
_With Respect to Ground................ —0.5V to +7V4 
POw6er DISGIBETION (2.656505 oa vig scessetaeed 0.2 Watts 


*NOTE: Stresses above those listed under “Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 


vice at these or any other conditions above those indicated in 


the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. CHARACTERISTICS = Tx, = 0°C to 70°C; Voc = 5.0V + 10%; GND = OV . 


VOL Output Low Voltage 
SACK, XACK 
All Other Outputs 


Output High Voltage 
SACK, XACK 
All Other Outputs 


ish cu vonate 
ViH4 input High Voltage 
ViH2 Option Voltage 


NOTES: 
1. For test mode RD & WR must be held at GND. 
2. Except for pin 36 in XTAL mode. 


Resistor Tolerance: + 5% 


lc = -5 mA 


IOH = —1 mA 

lIOoH = —1 mA 
(Note 4) | 

F = 1 MHz 


VBIAS = 2.5V, Voc = 5V 
Ta = 25°C 
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Test Conditions | 
Vss=Vin=Voc ._ b 
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A.C. CHARACTERISTICS 
Ty = 0°C to 70°C; Veg = 5V + 10%; GND = OV 


Measurements made with respect to RASg-RAS3, CAS, WE, OUTg-OUTg are at 2.4V and 0.8V. All 
other pins are measured at 1.5V. All times are in nsec. 


Notes 
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WAVEFORMS 3, 2 
Normal Read or Write Cycle : Se 


Advanced Read Mode 
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WAVEFORMS (cont’d) 
Memory Compatibility Timing 


Write Cycle Timing 


<«twcs—| =——— twcHh — 
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WAVEFORMS (cont’d) | eo Sean 
Read or Write Followed By External Refresh | 
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WAVEFORMS (cont’d) 


_ Clock And System Timing 


Table 2. 82C03 Ouptut Loading. 
All specifications are for 
the Test Load unless 
otherwise noted. 


|Pin__| Test Load 


CL = 30 pF 


CL = 160 pF 
CL = 60 pF 
Cy = 224 pF 


CL = 320 pF 


. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs 
do not have to be externally synchronized to 82C03 clock 

2. If tag min and tyyps min are met then tca: tor and toc are 

valid, Tog is valid when delayed SACK is generated. 


- tasr: tRAH tasc: ‘CAH, depend upon CPU address remaining 
stable throughout the memory cycle. The address inputs are not 
latched by the 82C03. 

. For back-to-back refresh cycles, tao max = 12tp. 

5. tac max is valid only if trayp min is met (READ, WRITE followed 
by REFRESH) or tyypp min is met (REFRESH foilowed by READ, 
WRITE). 

6. tRFR is valid only if tag min and trays min are met. 

7. txw min applies when RD, WR has already gone high. Otherwise 
XACK follows RD, WR. | 

8. WE goes high according to tWCH OF tww,. whichever occurs 

first. 


> 
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A.C. TESTING LOAD CIRCUIT 


NOTE: Cy includes jig capacitance 
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8206/8206-2 
ERROR DETECTION AND CORRECTION UNIT 


= Detects and Corrects All Single Bit =» Separate Input and Output 
Errors Busses—No Timing Strobes Required © 

x Detects All Double Bit and Most =" Expandable to Handle 80 Bit Memories 
Multiple = Errors ie = Supports Reads With and Without 

= 52 ns Maximum for Detection; 67 ns Correction, Writes, Partial (Byte) 
Maximum for Correction (16 Bit Writes, and Read-Modify-Writes 


System) 


=® HMOS Technology for Low Power 
= Syndrome Outputs for Error Logging 


= 68 Pin Leadiess JEDEC Package 
= 8206-2 Timing Optimized for 8MHz iAPX # Single +5V Supply 
186, 188, 86, 88 and 8207-2 Systems _ 


The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206 
handles 8 or 16 data bits and up to8 check bits. 8206’s can be cascaded to provide correction and detection for 
up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and 
error logging. 


16 
DI DATA IN 3 
e158 LATCH sat 
READ 0-1 
PARTIAL PARITY ERROR 
- §TB GENERATOR 
CE 
in CRCT 
SYNDROME 
SYNDROME) RO DECODER : 


8 16 
SYNDROME DATA 
SY0/CBO/PPO., hE AAS Sai PARTIAL PARITY Es LATCH vee ; ennen 7» CORRECTION -: C > 00/15 
GENERATOR DETECTION 
8 
PPI/POS/NSL 
ge 
WRITE 


— ! 
M/S PARTIAL PARITY 
GENERATOR 


| 
CHECK BIT/ 


GND 5V 
SEDCU R/W Vss Vee wz BM, 


Figure 1. 8206 Block Diagram 
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Figure 2. 8206-2 Biock Diagram 


Table 1. 8206 Pin Description 


Name and Function 


1, 68-61, Data In: These inputs accept a 16 bit data word from RAM for error detection 
59-53 and/or correction. 


CBI/SYI9 
CBI/SY1, 
CBI/SYlo 
CBI/SYI3 
CBI/SYI4 
CBI/SYls5 
CBI/SYlg 
CBI/SYl7 


Check Bits 4n/Syndrome In: In a single 8206 system, or in the master in a multi- 
8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a 
single 8206 16 bit system, CBio.5 are used. In slave 8206’s these peu accept 
the syndrome from the master. 


Data Out/Write Data In: In a read cycle, data accepted by Dlo.15 appears at 
these outputs corrected if CRCT is low, or uncorrected if CRCT is high. The BM 


inputs: must be high to enable the output buffers during the read cycle. Ina 
write cycle, data to be written into the RAM is accepted by these inputs for com- 
puting the write check bits. In a partial-write cycle, the byte not to be modified 
appears at either r DOo-7 if BMg is high, or DOg.15 if BM, is high, for writing to 
the RAM. When W2Z is active, it causes the 8206 to output all zeros at DOo.45, 
with the proper write check bits on CBO. 
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Table 1. 8206 Pin Description eed ii 


SYO/CBO/PPOg Syndrome Out/Check Bits Out/Partial Parity Out: In a single 8206 system, or 


SYO/CBO/PPO, in the master in a multi-8206 system, the syndrome appears at these outputs 
SYO/CBO/PPO2 during a read. During a write, the write check bits appear. In slave 8206's the 
SYO/CBO/PPO3 partial parity bits used by the master appear at these outputs. The syndrome is 
SYO/CBO/PPO,4 latched (during read-modify-writes) by R/W going low. 
SYO/CBO/PPOs 

SYO/CBO/PPOg 

SYO/CBO/PPO7 


PPlg/POSg 


Partial Parity In/Position: In the master in a multi-8206 system, these inputs 
PPI,/POS, 


accept partial parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in- 
form it of its position within the system (1 to 4). Not used in a single 8206 
system. 


Partial Parity in/Number of Slaves: In the master in a multi-8206 system, these 
inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system 
these inputs are used in slave number 1 to tell it the total number of slaves in the 
system (1 to 4). Not used in other slaves or in a single 8206 system. 


- Partial Parity In/Correctable Error: in the master in a multi-8206 seh this. 
pin accepts partial parity bit 4. In slave number 1 only, or in a single 8206 
system, this pin outputs the correctable error flag. CE is latched by R/W going 
low. Not used in other slaves. 


PPlz/NSLo 
PPI3/NSL, 


; 


PPls 18 Partial Parity In: In the master in a multi-8206 system these pins accept partial 

PPlg 19 parity bits 5 to 7. The number of partial parity bits equals the number of check 

PPlz 20 bits. Not used in single 8206 systems or in slaves. 

ERROR 2 Error: This pin outputs the error flag:in a single 8206 system or in the master of 
a multi-8206 system. It is latched by R/W going low. Not used in slaves. 

CRCT Correct: When low this pin causes data correction during a read or read- 
modify-write cycle. When high, it causes error correction to be disabled, 
although error checking is still enabled. 

STB Strobe: STB is an input control used to strobe data at the DI inputs and check- 


bits at the CBI/SYI inputs. The signal is active high to admit the inputs. The 
signals are latched by the high-to-low transition of STB. 


Byte Marks: When high, the Data Out pins are enabled for a read cycle. When 
low, the Data Out buffers are tristated for a write cycle. BMg controls DOg.7, 
while BM, controls DOg. 15- !n partial (byte) writes, the byte mark input is low 
for the new byte to be written. 


Read/Write: When high this pin causes the 8206 to perform detection and 
correction (if CRCT is low). When low, it causes the 8206 to generate check bits. 
On the high-to-low transition the syndrome is latched internally for read- 
.modify-write cycles. 


Write Zero: When low this input overrides the BMo.+ and R/W inputs to cause 
the 8206 to output all zeros at DOo-45 with the corresponding check bits at 
CBOpo.7. Used for memory initialization. 


Master/Slave: Input tells the 8206 whether it is a master (high) cr a slave (low). 


= Bs) w 


SEDCU Single EDC Unit: Input tells the master whether it is operating as a single 8206 
(low) or as the master in a multi-8206 system (high). Not used in slaves. 

Vec Power Supply: +5V 

Ves 


Output Driver Ground 


Vss 
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Table 2. 8206-2 Pin Description Differences over the 8206. 


SYO/CBOo 
SYO/CBO, 


Name and Function 


Check Bits In: in an 8206-2 system, these inputs accept the check bits (5 
to 6) from the RAM. 


Syndrome Out/Check Bits Out: In an 8206-2 system, the syndrome 
appears at these outputs during a read. During a write, the write check 
bits appear. The syndrome is latched (during read-modify-writes) by R/W 


SYO/CBO2 
SYO/CBO3 
SYO/CBO4 
SYO/CBOs 


going low. 


| Strap High 


[sein | 8 
N.C. 11-16 
18-20 


FUNCTIONAL DESCRIPTION 


The 8206 Error Detection and Correction Unit 
provides greater memory system reliability through 
its ability to detect and correct memory errors. It isa 
single chip device that can detect and correct all 
single bit errors and detect all double bit and some 
higher multiple bit errors. Some other odd multiple 
bit errors (e.g., 5 bits in error) are interpreted as 
single bit errors, and the CE flag is raised. While 
some even multiple bit errors (e.g., 4 bits in error) are 
interpreted as no error, most are detected as double 
bit errors. This error handling is a function of the 
number of check bits used by the 8206 (see Figure 2) 
and the specific Hamming code used. Errors in 
check bits are not distinguished from errors in a 
word. , 


For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 


A single 8206 or 8206-2 handles 8 or 16 bits of data, and 
up to 5 8206's can be cascaded in order to handle data 
paths of 80 bits. For a single 8206 8 bit system, the 
Dig_45, DO/WDlg_15 and BM; inputs are grounded. See 
the Multi-Chip systems section for information on 
24-80 bit systems. 


The 8206 has a ‘‘flow through” architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only. There are two separate 16-pin busses, 


Correctable Error: In an 8206-2 system, this pin outputs the correctable 


error flag. CE is latched by R/W going low. 


Write Zero: When low this input overrides the BMo., and R/W inputs to 
cause the 8206-2 to output all zeros at DOp.15 with the corresponding check | 
‘bits at CBOp.5. Used for memory initialization. 


Note: These pins have internal pull-up resistors but if possible should be 
tied high or low. 


Figure 3. Number of Check Bits Used by 8206 


one to accept data from the RAM (DI) and the other 
to deliver corrected data to the system bus (DO/ 
WDI). The logic is entirely combinatorial during a 
read cycle. This is in contrast to an architecture with 
only one bus, with bidirectional bus drivers that 
must first read the data and then be turned around to 
output the corrected data. The latter architecture 
typically requires additional hardware (latches 
and/or transceivers) and may be slower in a system 
due to timing skews of control signals. 
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READ CYCLE 


With the R/W pin high, data is received from the RAM 
outputs into the DI pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error 
flag (CE) is used to inform the system whether the 
error was correctable or not. With the BM inputs 
high, the word appears corrected at the DO pins if 
the error was correctable, or unmodified if the error 
was uncorrectable. 


If more than one 8206 is being used, then the check 
bits are read by the master. The slaves generate a 
partial parity output (PPO) and pass it to the master. 
The master 8206 then generates and returns the 
syndrome to the slaves (SYO) for correction of the 
data. 


The 8206 may alternatively be used in a ‘“check- 
only” mode with the CRCT pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206 outputs is signifi- 
cantly shortened. In this mode the 8206 issues an 
ERROR flag to the CPU, which can then perform one 
of several options: lengthen the current cycle for 
correction, restart the instruction, perform a diag- 
nostic routine, etc. 


A syndrome word, five to eight bits in length and 
containing all necessary information about the exis- 
tence and location of an error, is made available to 
the system at the SYOpo.7 pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 


WRITE CYCLE 


For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206. The same data enters the 8206 
through the WDI pins where check bits are gener- 
ated. The Byte Mark inputs must be low to tristate 
the DO drivers. The check bits, 5 to 8 in number, are 
then written to the RAM through the CBO pins for 
storage along with the data word. In a multi-chip 
system, the master writes the check bits using par- 
tial parity information from the slaves. 


In a partial write, part of the data word is overwritten, 
and partis retained in memory. This is accomplished 
by performing a read-modify-write cycle. The com- 
plete old word is read into the 8206 and corrected, 


with the syndrome internally latched by R/W going 


low. Only that part of the word not to be modified is 


output onto the DO pins, as controlled by the Byte 


Mark inputs. That portion of the word to be overwrit- 
ten is supplied by the system bus. The 8206 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the system bus, and writes them to the memory. 


4 


READ-MODIFY-WRITE CYCLES 


Upon detection of an error the 8206 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in sub- 
sequent read cycles. This correction is handled by 
executing read-modify-write cycles. 


The read-modify-write cycle is controlled by the R/w 
input. After (during) the read cycle, the system 
dynamic RAM controller or CPU examines the 8206 
ERROR and CE outputs to determine if a correctable 
error occurred. If it did, the dynamic RAM controller 
or CPU forces R/W low, telling the 8206 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is 


available on the DO pins. The DRAM controller then | 


writes the corrected data and corresponding check 
bits into memory. 


The 8206 may be used to perform read-modify- 
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches are used to hold the data 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207 Advanced 
Dynamic RAM controller allows read-modify-write 
cycles in one memory cycle. See the System 
Environment section. 


INITIALIZATION 


A memory system operating with ECC requires some 
form of initialization at system power-up in order to 
set valid data and check bit information in memory. 
The 8206 supports memory initialization by the write 
zero function. By activating the WZ pin, the 8206 will 
write a data pattern of zeros and the associated 
check bits in the current write cycle. By thus writing 
to all memory at power-up, a controller can set 
memory to valid data and check bits. Massive mem- 
ory failure, as signified by both data and check bits 


all ones or zeros, will be detected as an uncorrecta- 


ble error. 
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MULTI-CHIP SYSTEMS 


A single 8206 handles 8 or 16 bits of data and 5 or6 
check bits, respectively. Up to 5 8206’s can be cas- 
caded for 80 bit memories with 8 check bits. 


When cascaded, one 8206 operates as a master, and 
all others as slaves. As an example, during a read 
cycle in a 32 bit system with one master and one 
slave, the slave calculates parity on its portion of the 
word—“‘partial parity’’—and presents it to the mas- 
ter through the PPO pins. The master combines the 
partial parity from the slave with the parity it calcu- 
lated from its own portion of the word to generate 


3a. 48 BIT SYSTEM 


MASTER 


3b. 64 BIT SYSTEM 


MASTER 


3c. 80 BIT SYSTEM 


s 


the syndrome. The syndrome is then returned by the 
master to the slave for error correction. In systems 
with more than one slave the above description con- 
tinues to apply, except that the partial parity outputs 
of the slaves must be XOR’d externally. Figure 4 
shows the necessary external logic for multi-chip 
systems. Write and read-modify-write cycles are car- 
ried out analogously. See the System Operation sec- 
tion for multi-chip wiring diagrams. 


There are several pins used to define whether the 
8206 will operate as a master or a slave. Tabies 3 and 
4 illustrate how these pins are tied. 


‘Figure 4. External Logic For Mult-Chip Systems 
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Table 3. Master/Slave Pin Kugeinenth 


M/S 
SEDCU 


PPlo/POSo 
PPI,/POS, 
PPlo/NSLo 


PPI3/NSL; 


*See Table 3. 
. NOTE: 


Pins 13, 14, 15, 16 have internal pull-up resistors and may be left as N.C. where specified as connecting to +5V. 


Table 4. NSL Pin Assignments for Slave 1 


Number of Slaves 


ra 


PPl2/NSLo +5V Gnd | +5V 
PPI3/NSL,. Gnd +5V +5V 


The timing specifications for multi-chip systems 
must be calculated to take account of the external 
XOR gating in 3, 4, and 5-chip systems. Let tXOR be 
the delay for a single external TTL XOR gate. Then 
the following equations show how to calculate the 
relevant timing parameters for 2-chip (n=0), 3-chip 
(n=1), 4-chip (n=2), and 5-chip (n=2) systems: 


Data-in to corrected data-out (read cycle) = 
TDVSV + TPVSV + TSVQV + ntXOR 


Data-in to error flag (read cycle) = 
TDVSV + TPVEV + ntXOR 


Data-in to correctable error flag (read cycle) = 
TDVSV + TPVSV + TSVCV + ntXOR 


Write data to check-bits valid (full write cycle) = 
TQVQV + TPVSV + ntXOR 


Data-in to check-bits valid (read-mod-write cycle) = 
TDVSV + TPVSV + TSVQV + TQVQV + TPVSV + 
2ntXOR 


Data-in to check-bits valid (non- “correcting read- 
modify-write cycle) = 
TDVQU + TQVQV + TPVSV + ntXOR 


HAMMING CODE 


The 8206 uses a modified Hamming code which was 
optimized for multi-chip EDCU systems. The code is 
such that partial parity is computed by all 8206's in 
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parallel. No 8206 requires more time for propagation 
through logic levels than any other one, and hence 
no one device becomes a bottleneck in the parity 
operation. However, one or two levels of external 
TTL XOR gates are required in systems with three to 
five chips. The code appears in Table 5. The check 
bits are derived from the table by XORing or XNOR- 
ing together the bits indicated by ‘X’s in each row 
corresponding to a check bit. For example, check bit 
0 in the MASTER for data word 1000110101101011 
will be “0.” It should be noted that the 8206 will 
detect the gross-error condition of all lows or all 
highs. 


_Error correction is accomplished by identifying the 


bad bit and inverting it. Table 5 can also be used as 
an error syndrome table by replacing the ‘X’s with 
‘1’s. Each column then represents a different syn- 
drome word, and by locating the column corre- 
sponding to a particular syndrome the bit to be cor- 
rected may be identified. If the syndrome cannot be 
located then the error cannot be corrected. For 
example, if the syndrome word is 00110111, the bit 
to be corrected is bit 5 in the slave one data word (bit 
21). 


The syndrome decoding is also summarized in Tables 6 
and 7 which can be used for error logging. By finding 
the appropriate syndrome word (starting with bit zero, 
the least significant bit), the result is either: 1) no error; 
2) an identified (correctable) single bit error; 3) a 
double bit error; or 4) a multi-bit uncorrectable error. 
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Table 5. Modified Hamming Code Check Bit Generation 


Check bits are generated by XOR’ing (except for the CBO and CB1 data bits, which are XNOR’ed in the Master) the data 
bits in the rows corresponding to the check bits. Note there are 6 check bits in a 16-bit system, 7 ina 32-bit system, and 
8 in 48-or-more-bit systems. 
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Table 6. 8206 Syndrome Decoding See 
east 
Syndrome : 
Bits ae 
ee ar SS 
TS Be ae 
Ce ae 
ee SAE 
at oe aes 
Ce a EE 
9 a ee Se is 
Ce Be ae 
Rae Se Ret 
Ret Pa ak : 
Sale SE Sak 
is Re Ba 
2 Re 
N=N 
CBX = Error in Check Bit X 
X = Error in Data Bit X SYSTEM ENVIRONMENT 
D = Double Bit Error 
U = Uncorrectable Multi-Bit Error The 8206 interface to a typical 32 bit memory system 
| is illustrated in Figure 5. For larger systems, the, 
partial parity bits from slaves two to four must be > ; 
DATA MEMORY CHECK BITS DATA MEMORY 
16 BITS 7 BITS 16 BITS 
! 
Di = =SYO/CBO CBlo., 
PPlo.g 
PPI, V 
CONTROL CBI, i 
LINES f 
Mis ees 
SEDCU 
a 
ERROR ara 
SIGNALS ws 
Figure 5. 32-Bit 8206 System Interface 
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XOR’ed externally, which calls for one level of XOR 
gating for three 8206’s and two levels for four or five 
8206's. 


The 8206 is designed for direct connection to the Intel 
8207 Advanced Dynamic RAM Controller. The 8207 
has the ability to perform dual port memory control, 
and Figure 6 illustrates a highly integrated dual port 


CMD/PEB 


{ ADDR B 


- CMD/PEA 


ADDRA 


ACKA 


RAM implementation using the 8206 and 8207. The 
8206/8207 combination permits such features as au- 
tomatic scrubbing (correcting errors in memory dur- 
ing refresh), extending RAS and CAS timings for 
Read-Modify-Writes in single memory cycles, and 
automatic memory initialization upon reset. To- 
gether these two chips provide a complete dual- 
port, error-corrected dynamic RAM subsystem. 


DYNAMIC 
RAM 


32 BITS + 
7 CHECK BITS 


ERROR SYO/ DI/CBI 
CBO A 
STB <i POR 
) 
\/ 
e é 


4 
BM DO/WDI : 


8206 
CRCT MASTER 


| Figure 6. Dual Port RAM Subsystem with 8206/8207 (32-bit bus) 
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Table 7. 8206-2 Syndrome Decoding 
Syndrome|0 0 


N= No Error 

CBX = Error in Check Bit X 
X = Error in Data Bit X 
D = Double Bit Error 
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The 8206-2 handles 8 or 16 bits of data. For 8 bit | 


8206-2 systems, the Dlg-45, DO/WDig.15 and BM; in- 
puts are grounded. 

The 8206-2 is designed for direct connection to the 
Intel 8207-2 Advanced Dynamic’ RAM Controller. The 
8207-2 has the ability to perform dual port memory 
control, and Figure 7 illustrates a highly integrated 
iAPX 186 RAM implementation using the 8206-2 and 
8207-2. The 8206-2/8207-2 combination permits such 
features as automatic scrubbing (correcting errors in 
memory during refresh), extending RAS and CAS tim- 
ings for Read-Modify-Writes in single memory cycles, 
and automatic memory initialization upon reset. 


Together these two chips provide a complete dual-port, y 


error-corrected dynamic RAM subsystems. 


DATA CHECK BIT 
MEMORY MEMORY 
16 BITS 


Figure 7. iAPX 186 RAM Correct Always Subsystem with the 8206-2 and the 8207-2 
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MEMORY BOARD TESTING 


The 8206 lends itself to straightforward memory 
board testing with a minimum of hardware over- 
head. The following is a description of four common 
test modes and their implementation. 


Mode 0—Read and write with error correction. 
Implementation: This mode is the normal 
8206 operating mode. 


Mode 1—Read and write data with error correction 
disabled to allow test of data memory. 


PRELIMINARY 


ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is first necessary 
to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO outputs, with bits CBO and CB1 
inverted. 


Implementation: This mode is performed Mode 3—Write data, without altering or writing 


with CRCT deactivated. 


Mode 2—Read and write check bits with error cor- 
rection disabled to allow test of check bits 
memory. 

Implementation: Any pattern may be writ- 
ten into the check bits memory by judi- 
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check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 

Implementation: This mode is im- 
plemented by writing the desired word to 
memory with WE to the check bits array 
held inactive. 


AFN-02009B 


Bs et ee a 


intel Ey 8206/8206-2 


NOTE: 
The 8206 and 8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier 


Figure 8. 8206 and 8206-2 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS* *NOTE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to +150°C those indicated in the operational sections of this specifi- 
Voitage On Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground ............ —0.5V to +7V rating conditions for extended periods may affect device 


Par BRINSON: «sow ak. on Spe te oe ees 1.5 Watts reliability. 


D.C. CHARACTERISTICS (ty = 0°C to 70°C, Voc = 5.0V + 10%, Vgg= GND) 


| Max. Test Cqnditions 


Power Supply Current 

—Single 8206, 8206-2 or 
Slave #1 

—Master in Multi-Chip 

or Slaves #2, 3, 4 


_ Input Low Voltage 
1 
1H 


; Output Low Voltage 
VOL —DO 
—All Others 
2.6 
2.4 


0 
0 
Vect+ 
0.5V 
0.45 

0.45 

+ 20 

+ 10 

+ 20 

+-40 

NOTES: 


1. SEDCU (pin 3) and M/S (pin 4) are device strapping options and should be tied to Voc or GND. Vin min =Vcoc —0.5V and V;, max = 0.5V. 
2. PPlo.7 (pins 13-20) and CBlg.7 (pins 11, 12) have internal pull-up resistors and if left unconnected will be pulled to Vcc. 


27 
23 


Output High Voltage 
VOH —DO, CBO 
—All Other Outputs 


I/O Leakage Current 
iLo —PPI4/CE 
—DO/WDip-45 


0.45V <Vi /o <Vcc 


Input Leakage Current ‘ 
—PPlo.3, 5-7, CBlg.7, SEDCU 
—All Other Input Only Pins 


mA 
mA 
V 
V 
V 
V 
LA 
LA 
LA 
BA 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


‘ : DEVICE 
UNDER 
TEST POINTS is TEST 
; 0.8 
0.45 


AC. TESTING: INPUTS ARE DRIVEN AT 2.4V FORALOGIC 1° AND 0.45V FOR 
ALOGIC 0. TIMING MEASUREMENTS ARE MADE AT 20V FOR ALOGIC 1 


AND 0.86V FOR A LOGIC 0 C, INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS (tT, = 0°C to 70°C, Veg = +5V + 10%, Vsg = OV, RL = 220, Cy = 50 pF; 


all times are in nsec.) 


Parameter 


Corrected Data Float Delay 
STB High to Data/Check Bits In Valid 


: 


TRLSX Syndrome Out from R/W Hold 
TQXQX Hold Time from Write Data In 


WZ| to Zero Out 


NOTES: 
1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V. 


30 


2. Tsniv is required to guarantee output delay timings: Tpvev. Tpvcv; Tovav: Tovsv- TsHiv + TivsL guarantees a min STB pulse 


width of 35 ns (45 ns for the 8206-8). 
3. Not required for 8/16 bit systems 
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8206-2 | 
16 BIT ERROR DETECTION AND CORRECTION UNIT 


# Detects and Corrects All Single Bit = Separate Input and Output Busses—No 
Errors | Timing Strobes Required 

® Detects All Double Bit and Most = Supports Reads With and Without 
Multiple Bit Errors Correction, Writes, Partial (Byte) 

= Timing Optimized for 8 MHz iAPX 186, Writes, and Read-Modify-Writes 
188, 86, 88 and 8207-2 Systems __ & HMOS Technology for Low Power 

=" Syndrome Outputs for Error Logging = 68 Pin Leadiess JEDEC Package 


= Single +5V Supply 


The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206-2 
handles 8 or 16 data bits and up to 6 check bits. Other 8206-2 features include the ability to handle byte writes, 
memory initialization, and error logging. 


Di DATA IN 
0-15 LATCH 
READ 
PARTIAL PARITY 
CHECK BIT 
LATCH 
6 


GENERATOR 


SYNDROME 
CHECK BIT/ 
DECODER 16 
SYNDROME/ SYNDROME DATA 
PARTIAL PARITY Latcn 1A ha 71 correction |—Z— K__>000Io.:5 
GENERATOR : penne. 


} 


WRITE 
gw 8, @ll Tata Scare ae 


GENERATOR 


GND +5V 


Figure 1. 8206 Block Diagram 
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Data In: These inputs accept a 16 bit data word from RAM for error 
detection and/or correction. 


Check Bits In: in an 8206-2 system, these inputs accept the check bits (5 
to 6) from the RAM. 


Data Out/Write Data In: In a read cycle, data accepted by Dio.45 appears 
at these outputs corrected if CRCT is low, or uncorrected if CRCT is high. 


DO/WDig 
DO/WDI4 


DO/WDlo2 The BM inputs must be high to enable the output buffers during the read 
DO/WDI3 cycle. In a write cycle, data to be written into the RAM is accepted by 
DO/WDIl4 these inputs for computing the write check bits. In a partial-write cycle, 
DO/WDis the byte not to be modified appears at either DOo.7 if BMo is high, or 
DO/WDl¢ DOg-15 if BM{ is high, for writing to the RAM. When W2Z is active, it 
DO/WDI7 causes the 8206 to output all zeros at DOg.145, with the proper write 
DO/WDig check bits on CBO. 

DO/WDig 

DO/WDI10 

DO/WDI44 

DO/WDI 42 

DO/WDI43 

DO/WDI14 

DO/WDIi5 


SYO/CBO9 23 Syndrome Out/Check Bits Out: In an 8206-2 system, the syndrome 
SYO/CBO;, 24 appears at these outputs during a read. During a write, the write check 
SYO/CBO2 25 bits appear. The syndrome is latched (during read-modify-writes) by R/W 
SYO/CBO3 27 going low. 

SYO/CBO4 28 

SYO/CBOs 29 


Correctable Error: In an 8206-2 system, this pin outputs the correctable 
error flag. CE is latched by R/W going low. 


Error: This pin outputs the error flag in an 8206-2 system. It is latched by 
R/W going low. 


Correct: When low this pin causes data correction during a read or 
read-modify-write cycle. When high, it causes error correction to be 
disabled, although error checking is still enabled. 


Strobe: STB is an input control used to strobe data at the DI inputs and 
check-bits at the CBI/SYI inputs. The signal is active high to admit the 
inputs. The signals are latched by the high-to-low transition of STB. 


Byte Marks: When high, the Data Out pins are enabled for a read cycle. 
When low, the Data Out buffers are tristated for a write cycle. 0 
controls DO9.7, while BM; controls DOg.15. In partial (byte) writes, the 
byte mark input is low for the new byte to be written. 


Read/Write: When high this pin causes the 8206-2 to perform detection 
and correction (if CRCT is low). When low, it causes the 8206-2 to 
generate check bits. On the high-to-low transition the syndrome is 
latched internally for read-modify-write cycles. 


Write Zero: When low this input overrides the BMg-.1 and R/W inputs to 
cause the 8206 to output all zeros at DOo.15 with the. ai glee ain eal 
check bits at CBOo.5. Used for mere initialization. 


Must be tied High. 
Must be tied Low. 


Strap High 
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FUNCTIONAL DESCRIPTION 


The 8206-2 16 Bit Error Detection and Correction 
Unit provides greater memory system reliability 
through its ability to detect and correct memory er- 
rors. It is a single chip device that can detect and 
correct all single bit errors and detect all double bit 
and some higher multiple bit errors. Some other odd 
multiple bit errors (e.g., 5 bits in error) are interpreted 
as single bit errors, and the CE flag is raised. While 
some even multiple bit errors (e.g., 4 bits in error) are 
interpreted as no error, most are detected as double 
bit errors. Errors in check bits are not distinguished 
from errors in a word. 


For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 


The 8206-2 has a “flow through” architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only. There are two separate 16-pin busses, 
one to accept data from the RAM (DI) and the other to 
deliver corrected data to the system bus (DO/WD)). 
The logic is entirely combinatorial during a read 
cycle. This is in contrast to an architecture with only 
one bus, with bidirectional bus drivers that must first 
read the data and then be turned around to output 
the corrected data. The latter architecture typically 
requires additional hardware (latches and/or trans- 
ceivers) and may be slower in a system due to timing 
skews of control signals. 


READ CYCLE 


With the R/W pin high, data is received from the RAM 
outputs into the DI pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error 
flag (CE) is used to inform the system whether the 
error was correctable or not. With the BM inputs 


Name and Function : 


[ erpemrreenremetoemno 
tied high or low. 
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high, the word appears corrected at the DO pins if the 
error was correctable, or unmodified if the error was 
uncorrectable. 


The 8206-2 may alternatively be used in a “check- 
only” mode with the CRCT pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206-2 outputs is signifi- 
cantly shortened. In this mode the 8206-2 issues an 
ERROR flag to the CPU, which can then perform one 
of several options: lengthen the current cycle for 
correction, restart the instruction, perform a diag- 
nostic routine, etc. 


A syndrome word, five to six bits in length and con- 
taining all necessary information about the existence 
and location of an error, is made available to the 
system at the SYOo-5 pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 


WRITE CYCLE 


For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206-2. The same data enters the 
8206-2 through the WDI pins where check bits are 
generated. The Byte Mark inputs must be low to 
tristate the DO drivers. The check bits, 5 to 6 in 
number, are then written to the RAM through the 
CBO pins for storage along with the data word. 


In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing a read-modify-write cycle. The com- 
plete old word is read into the 8206-2 and corrected, 
with the syndrome internally latched by R/W going 
low. Only that part of the word not to be modified is 
output onto the DO pins, as controlled by the Byte 
Mark inputs. That portion of the word to be overwrit- 
ten is supplied by the system bus. The 8206-2 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the system bus, and writes them to the memory. 
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READ-MODIFY-WRITE CYCLES 


Upon detection of an error the 8206-2 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in subse- 
quent read cycles. This correction is handled by ex- 
ecuting read-modify-write cycles. 


The read-modify-write cycle is controlled by the R/W 
input. After (during) the read cycle, the system 
dynamic RAM controller or CPU examines the 8206-2 
ERROR and CE outputs to determine if a correctable 
error occurred. If it did, the dynamic RAM controller 
or CPU forces R/W low, telling the 8206-2 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is 
available on the DO pins. The DRAM controller then 
writes the corrected data and corresponding check 
bits into memory. 


The 8206-2 may be used to perform read-modify- 
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206-2 latches are used to hold the data 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207-2 Advanced 
Dynamic RAM controller allows read-modify-write 
cycles in one memory cycle. See the System Environ- 
ment section. 


INITIALIZATION 


A memory system operating with ECC requires some 
form of initialization at system power-up in order to 
set valid data and check bit information in memory. 
The 8206-2 supports memory initialization by the 
Write Zero function. By activating the WZ pin, the 


8206-2 will write a data pattern of zeros and the 
associated check bits in the current write cycle. By 
thus writing to all memory at power-up, a controller 
can set memory to valid data and check bits. Massive 
memory failure, as signified by both data and check 
bits all ones or zeros, will be detected as an un- 
correctable error. 


HAMMING CODE 


The 8206-2 uses a modified Hamming code. The 
code appears in Table 2. The check bits are derived 
from the table by XORing or XNORing together the 
bits indicated by ‘X’s in each row corresponding to a 
check bit. For example, check bit 0 for data word 
1000110101101011 will be “0.” It should be noted 
that the 8206-2 will detect the gross-error condition 
of all lows or all highs. . 


Error correction is accomplished by identifying the 
bad bit and inverting it. Table 2 can also be used as an 
error syndrome table by replacing the ‘X’s with ‘1’s. 
Each column then represents a different syndrome 
word, and by locating the column corresponding to a 
particular syndrome the bit to be corrected may be 
identified. If the syndrome cannot be located then 
the error cannot be corrected. For example, if the 
syndrome word is 101100 the bit to be corrected is bit 
10 in the slave one data word. 


The syndrome decoding is also summarized in Table 
3 which can be used for error logging. By finding the 
appropriate syndrome word (starting with bit zero, 
the least significant bit), the result is either; 1) no 
error; 2) an identified (correctable) single bit error; or 
3) a double bit error. 


Table 2. Modified Hamming Code Check Bit Generation 
Check bits are generated by XOR’ing (except for the CBO and CB1 data bits, which are XNOR’ed) the data bits in 
the rows corresponding to the check bits. Note there are 5 check bits in an 8-bit system and 6 check bits in a 
16-bit system. 
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The 8206-2 handles 8 or 16 bits of data. For 8 bit 
8206-2 systems, the Dlg.45, DO/WDlg-15 and BM; in- 
puts are grounded. 


The 8206-2 is designed for direct connection to the 
~ Intel 8207-2 Advanced Dynamic RAM Controller. The 
8207-2 has the ability to perform dual port memory 
control, and Figure 7 illustrates a highly integrated 
iAPX 186 RAM implementation using the 8206-2 and 
8207-2. The 8206-2/8207-2 combination permits such 
features as automatic scrubbing (correcting errors in 
memory during refresh), extending RAS and CAS tim- 
ings for Read-Modify-Writes in single memory cycles, 
and automatic memory initialization upon reset. 
Together these two chips provide a complete dual-port, 
error-corrécted dynamic RAM subsystems. 


N= No Error 

CBX = Error in Check Bit X 
X= Error in Data Bit X 
D = Double Bit Error 


CRCT 


STB 
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MEMORY BOARD TESTING 


The 8206-2 lends itself to straightforward memory 
board testing with a minimum of hardware overhead. 
The following is a description of four common test 
modes and their implementation. 


Mode 0—Read and write with error correction. 
Implementation: This mode is the normal 
8206-2 operating mode. 


Mode 1—Read and write data with error correction 
disabled to allow test of data memory. 
Implementation: This mode is performed 
with CRCT deactivated. 


Mode 2—Read and write check bits with error cor- 
rection disabled to allow test of check bits 
memory. 


8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier. 


Implementation: Any pattern may be writ- : 


ten into the check bits memory by judi- 
ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206-2 Hamming code. To 
read out the check bits it is first necessary 
to fill the data memory with all zeros, which 
may be done by activating WZ and in- 
crementing memory addresses with WE to 
the check bits memory held inactive, and 
then performing ordinary reads. The check 
bits will then appear directly at the SYO 
outputs, with bits CBO and CB1 inverted. 


Mode 3—Write data, without altering or writing 


check bits, to allow the storage of bit com- 
binations to cause error correction and 
detection. 

Implementation: This mode is imple- 


mented by writing the desired word to | 


memory with WE to the check bits array 
held inactive. 


Figure 3. 8206 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ......... 0O°C to 70°C 
Storage Temperature ............... —65'C.10 +150°C 
Voltage On Any Pin | : 

With Respect to Ground ............. —0.5V to +7V 
PWG OISSIPAVON ood os ec cee cd +e ee WAH 


! 


*“NOTE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the. 


device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5.0V + 10%, Vsg = GND) 


Parameter 


Power Supply Current 
Input Low Voltage 


Input High Voltage 
Output Low Voltage 
VoL =DO ..' 
—All Other Outputs 


Output High Voltage 
—DO, CBO 
—All Other Outputs 


/O Leakage Current 
—CE 
—DO/WDlpo.15 


2.0 


> TEST POINTS < 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
ALOGIC “0” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC “1” 
AND 0.8V FOR A LOGIC “0”. 


0.8 
0.45 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


1 


C, INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Voc = +5V + 10%, Vsg = OV, RL = 220 Cy = 50pF; 
: all times are in nsec.) 

TRHEV ERROR Valid from R/Wt Saas 

TRHCV CE Valid from R/Wt eee 17 


| TRHQV | Corrected DataValidfromRWh | 
| TAvsv | syoicBOValidfromRW | 
| TOvEV | ERROR Valid from DataCheckBitsin | 
| Tovev | CE Valid from DataCheckBitsin | 
| TOvaV | Corrected Data Valid from Data/CheckBitsIn | 
| Tovsv | SYOValidfromData/CheckBitsin | 
[_TeHQV | Corrected Data AccessTime | 
| TOXaX | Hold Time from Data/CheckBitsin | 
| TBLQZ | CorrectedDataFloatDelay | 
| TSHIV | STBHightoData/Check Bitsin Valid | 80 
| TISL | Data/Check BitsintoSTBI Set-up | 
| TSLIX | Data/Check Bits InfromSTBVHold | 
| tavav | Check Bits Out from WriteDatain | 
i Wz osama 

ee Se 

ea 

i ied. oe 

pg 

Severe 

pera 

Perc, eal 


TRHSX Check Bits Out from R/W, WZ Hold 
TRLSX Syndrome Out from R/W Hold 


ae Fok: 
ne eee 
hohe a ge 


NOTES: 

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V. 

2. Tsuiv is required to guarantee output delay timings: Tpvev, Tovcv, Tovav, Tovsv- TsHiv + Tivs- guarantees a min STB pulse 
width of 35 ns. 
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8207 


ADVANCED DYNAMIC RAM CONTROLLER 


: Provides All Signals Necessary to 
ey - Control 16K (2118), 64K (2164A) and 
ee 256K Dynamic RAMs 


Directly Addresses and Drives up to 2 
Megabytes without External Drivers 


Supports Single and Dual-Port 
Configurations 


Automatic RAM Initialization in All 
Modes 


Four Programmable Refresh Modes 


Transparent Memory Scrubbing in 
ECC Mode 


= Supports Intel iAPX 86, 88, 186, 188, and 
286 Microprocessors 


Data Transfer and Advance Acknowledge 
Signals for Each Port 


- 


Provides Signals to Directly Control the 
8206 Error Detection and Correction Unit 


‘ 


Supports Synchronous or__. 
Asynchronous Operation on Either Port 


+5 Volt Only HMOSII Technology for 
High Performance and Low Power 


The Intel 8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic 


RAM controller that is designed to easily interface 16K, 


64K and 256K Dynamic RAMs to Intel and other 


microprocessor systems. A dual-port interface allows two different busses to independently access memory. When 


configured with an 8206 Error Detection and Correction Un 


it the 8207 supplies the necessary logic for designing 


large error-corrected memory arrays. This combination provides automatic memory initialization and transparent 


memory error scrubbing. 
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Figure 1. 8207 Block Diagram 


4ntel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit 


© INTEL CORPORATION, 1983. 


6-152 


Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published Specifications On These Devices From Intel. 


JULY 1983 
ORDER NUMBER: 210463-003 


- Table 1. Pin description 


Name and Function 


ADDRESS LATCH ENABLE: In two-port configurations, when Port A is running with iAPX 286 Status 
interface mode, this output replaces the ALE signal from the system bus controller of port A and 
generates an address latch enable signal which provides optimum setup and hold timing for the 8207. 
This signal is used in Fast. Cycle operation only. 


TRANSFER ACKNOWLEDGE PORTA/ACKNOWLEDGE PORTA: In non-ECC mode, this pin is 
XACKA and inidcates that data on the bus is valid during a read cycle or that data may be removed 
from the bus during a write cycle for Port A. XACKA is a Multibus-compatible signal. In ECC mode, 
this pin is ACKA which can be configured, depending on the programming of the X program bit, 
as an XA XACK 0 or AACK strobe. The SA programming bit determines darpacat the AACK will be an 
early EAACKA or a late LAACKA interface signal. 


TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE PORT B: In non-ECC mode, this pin 
is XACKB and indicates that data on the bus is valid during a read cycle or that data may be re- 
moved from the bus during a write cycle for Port B. XACKB is a Multibus-compatible signal. In ECC 
mode, this pin is ACKB which can be configured, depending on the programming of the X program 
bit, as an XACK or AACK strobe. The SB programming bit determines whether the AACK will be 
an early EAACKB or a late LAACKB interface signal. 


ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: !n non-ECC mode, this pin is AACKA 
and indicates that the processor may continue processing and that data will be available when re- 
quired. This signal is optimized for the system by programming the SA program bit for synchronous 


or asynchronous operation. In ECC mode, after a RESET, this signal will cause the 8206 to force. 


the data to all zeros and generate the appropriate check bits. 


ADVANCED ACKNOWLEDGE PORT B/READ/WRITE: In non-ECC mode, this pin is AACKB and 
indicates that the processor may continue processing and that data will be available when required. 


This signal is optimized for the system by programming the SB program bit for synchronous or asyn- - 


‘chronous operation. In ECC mode, this signal causes the 8206 EDCU to latch the syndrome and 
error flags and generate check bits. 


DISABLE BYTE MARKS: This is an ECC control output signal indicating that.a read or refresh cy- 
cle is occurring. This output forces the byte address decoding logic to enable all 8206 data output 


buffers. In ECC mode, this output is also asserted during memory initialization and the 8-cycle dynamic 
RAM wake-up exercise. In non-ECC systems this signal indicates that either a read, refresh or 8-cycle 
warm-up is in progress. 


ERROR STROBE: In ECC mode, this strobe is activated when an error is detected and allows a 
negative-edge triggered flip-flop to latch the status of the 8206 EDCU CE for systems with error 
logging ee ee ESTB will not be issued during refresh mn 


DRIVER POWER: +5 Volts. Supplies Voc for the output drivers. 
LOGIC POWER: +5 Volts. Supplies Voc for the internal logic circuits. 


CORRECTABLE ERROR: This is an ECC input from the 8206 EDCU which instructs the 8207 whether 
a detected error is correctable or not. A high input indicates a correctable error. A low input inhibits 
the 8207 from activating WE to write the data back into RAM. This should be connected to the CE 
output of the 8206. 


ERROR: This is an ECC input from the 8206 EDCU and instructs the 8207 that an error was detected. 
This pin should be connected to the ERROR output of the 8206. 


MULTIPLEXER CONTROL/PROGRAMMING CLOCK: Immediately after a RESET this pin is used 
to clock serial programming data into the PDI pin. In normal two-port operation, this pin is used 
to select memory addresses from the appropriate port. When this signal is high, port A is selected 
and when it is low, port B is selected. This signal may change state before the completion of aRAM 
cycle, but the RAM address hold time is satisfied. 


PORT SELECT: This signal is used to select the appropriate port for data transfer. When this signal 
is high port A is selected and when it is low port B Is selected. 


PORT SELECT ENABLE: This signal used in conjunction with PSEL provides contention-free port . 


exchange on the data bus. When PSEN is low, port selection is allowed to change state. 


WRITE ENABLE: This signal et Sek the dynamic RAM array the write enable input for a write 
operation. 
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Table 1. Pin Description (Continued) 


ect a ie. emge e 


FULL WRITE: This is an ECC input signal that instructs the 8207, in an ECC configura- 
tion, whether the present write cycle is normal RAM write (full write) or a RAM partial 
write (read-modify-write) cycle. 


RESET: This signal causes all internal counters and state flip-flops to be reset and upon 
release of RESET, data appearing at the PDI pin is clocked in by the PCLK output. The 
states.of the PDI, PCTLA, PCTLB and RFRQ pins are sampled by RESET going inactive 
and are used to program the 8207. An 8-cycle dynamic RAM warm-up is performed after 
clocking PDI bits into the 8207. 


COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
latch the column address, present on the AOO-8 pins. These outputs are selected by 
the BSO and BS1 as programmed by program bits RBO and RB1. These outputs drive 
the dynamic RAM array directly and need no external drivers. 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
the row address, present on the AOO-8 pins. These outputs are selected by the BSO 
and BS1 as programmed by program bits RBO and RB1. These outputs drive the 
dynamic RAM array directly and need no external drivers. 


DRIVER GROUND: Provides a ground for the output drivers. 
LOGIC GROUND: Provides a ground for the remainder of the device. 


ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
addresses of the selected port to the dynamic RAM array. These outputs drive the 
dynamic RAM array directly and need no external drivers. 


BANK SELECT: These inputs are used to select one of four banks of the dynamic 
RAM array as defined by the program bits RBO and RB1. 


ADDRESS LOW: These lower-order address inputs are used to generate the row 
address for the internal address multiplexer. 


ADDRESS HIGH: These higher-order address inputs are used to generate the 
column address for the internal address multiplexer. 


PROGRAM DATA INPUT: This input programs the various user-selectable options in the 
8207. The PCLK pin shifts programming data into the PDI input from optional external 
shift registers. This pin may be strapped high or low to a default ECC (PDI =Logic ‘‘l’’) 
or non-ECC (PDI = Logic ‘‘O”’) mode configuration. 


REFRESH REQUEST: This input is sampled on the falling edge of RESET. If it is high 
at RESET, then the 8207 is programmed for internal refresh request or external refresh 
request with failsafe protection. If it is low at RESET, then the 8207 is programmed for 
external refresh without failsafe protection or burst refresh. Once programmed the RFRQ 
pin accepts signals to start an external refresh with failsafe wer y ta or external refresh 
without failsafe protection or a burst refresh. 


‘| 
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Table 1. Pin Description (Continued) 


a a ta ante and Function 


| 1 | CLock: This input provides the basic timing for sequencing the internal | CLOCK: This:input provides the basic timing for sequencing the internal logic... 
fp 


READ FOR PORT B: This pin is the read memory request command input for port B. 
This input also directly accepts the S1 status line from Intel processors. 


WRITE FOR PORT B: This pin is the write memory request command input for port B. 
This input also directly ee the SO status line from Intel processors. 


PORT CONTROL FOR PORT B: This pin is sampled on the falling edge of RESET. It 
configures port B to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or 
Multibus commands. If high after RESET, the 8207 is programmed to accept status 
inputs from iAPX 86 or iAPX 186 processors. The S2 status line should be connected 
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When 
programmed to accept commands or iAPX 286 status, it should be tied low or it may 
be used as a Multibus-compatible inhibit signal. 


READ FOR PORTA: This pin is the read memory request command input for port A. 
This input also directly accepts the S1 status line from Intel processors. 


WRITE FOR PORTA: This pin is the write memory request command input for port A. 
This input also directly accepts the SO status line from Intel processors. 


PORT ENABLE FOR PORTA: This pin serves to enable a RAM cycle request for port 
A. It is generally decoded from the port address. 


PORT CONTROL FOR PORTA: This pin is sampled on the falling edge of RESET. It 
configures port A to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or 
Multibus commands. If high after RESET, the 8207 is programmed to accept status 
inputs from iAPX 86 or iAPX 186 processors. The S2 status line should be connected 
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When 
programmed to accept commands or iAPX 286 status, it should be tied low or it may 
be connected to INHIBIT when operating with Multibus. 


GENERAL DESCRIPTION FUNCTIONAL DESCRIPTION 


The Intel 8207 Advanced Dynamic RAM Controller 
(ADRC) is a microcomputer peripheral device which 
provides the necessary signals to address, refresh 


Processor Interface 


and directly drive 16K, 64K and 256K dynamic RAMs. 
This controller also provides the necessary arbitra- 
tion circuitry to support dual-port access of the 
dynamic RAM array. 


The ADRC supports several microprocessor interface 
options including synchronous and asynchronous con- 
nection to iAPX 86, iAPX 88, iAPX 186, iAPX 188, iAPX 
286 and Multibus. 


This device may be used with the 8206 Error Detec- 
tion and Correction Unit (EDCU). When used with the 
8206, the 8207 is programmed in the Error Checking 
and Correction (ECC) mode. In this mode, the 8207 
provides all the necessary control signals for the 
_ 8206 to perform memory initialization and transpar- 
ent error scrubbing during refresh. 
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The 8207 has control circuitry for two ports each 
capable of supporting one of several possible bus 
structures. The ports are independently configur- 
able allowing the dynamic RAM to serve as an inter- 
face between two different bus structures. 


Each port of the 8207 may be programmed to run 
synchronous or asynchronous to the processor clock. 
(See Synchronous/Asynchronous Mode) The 8207 
has been optimized to run synchronously with Intel’s 
iAPX 86, iAPX 88, iAPX 186, iAPX 188 and iAPX 286. 
When the 8207 is programmed to run in asynchronous 


mode, the 8207 inserts the necessary synchronization 


circuitry for the RD, WR, PE, and PCTL inputs. 
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The 8207 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 
iAPX 86, iAPX 88, iAPX 186, iAPX 188 and iAPX 286 
processors. The 8207 can also be programmed to 
receive read or write Multibus commands or commands 
from a bus controller. (See Status/Command Mode) 


The 8207 may be programmed to accept the clock of 


Slow-Cycle Synchronous-Status Interface 


Slow-Cycle Synchronous-Command Interface 


the iAPX 86, 88, 186, 188, or 286. The 8207 adjusts 
its internal timing to allow for the different clock 
frequencies of these microprocessors. (See 
Microprocessor Clock Frequency Option) 


Figure 2 shows the different processor interfaces to 
the 8207 using the synchronous or asynchronous 
mode and status or command interface. 


Slow-Cycle Asynchronous-Status Interface 


Slow-Cycle Asynchronous-Command interface 


Figure 2A. Slow-cycle Port interfaces Supported by the 8207 
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NOTE: 
ADDRESS LATCH NOT REQUIRED IN SINGLE-PORT MODE. 


SYNCHRONOUS 80286 


Fast-Cycle Synchronous-Command Interface 


Fast-Cycle Asynchronous-Command Interface 


Figure 2B. Fast-cycle Port Interfaces Supported by the 8207 


Single-Port Operation 


The use of an address latch with the iAPX 286 status 
interface is not needed since the 8207 can internally 
latch the addresses with an internal signal similar in 
behavior to the LEN output. This operation is active only 
in single-port applications when the processor is inter- 
faced to port A. | 


Dual-Port Operation 


The 8207 provides for two-port operation. Two inde- 
pendent processors may access memory controlled 
by the 8207. The 8207 arbitrates between each of the 
processor requests and directs data to or from the 
appropriate port. Selection is done on a priority con- 
cept that reassigns priorities based upon past his- 
tory. Processor requests are internally queued. 


Figure 3 shows a dual-port configuration with two 
iAPX 86 systems interfacing to dynamic RAM. One of 
the processor systems is interfaced synchronously 
using the status interface and the other is interfaced 
asynchronously also using the status interface. 


Dynamic RAM Interface 


The 8207 is capable of addressing 16K, 64K and 256K 
dynamic RAMs. Figure 4 shows the connection of the 
processor address bus to the 8207 using the different 
RAMs. The 8207 directly supports the 2118 RAM 
family or any RAM with similar timing requirements 


and responses including the Intel 2164A RAM. 


The 8207 divides memory into as many as four banks, 
each bank having its own Row (RAS) and Column 
(CAS) Address Strobe pair. This organization permits 
RAM cycle interleaving and permits error scrubbing 
during ECC refresh cycles. RAM cycle interleaving 
overlaps the start of the next RAM cycle with the RAM 
Precharge period of the previous cycle. Hiding the 
precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes memory 
bandwidth and is effective as long as successive RAM 
cycles occur in alternate banks. 


Successive data access to the same bank will cause 
the 8207 to wait for the precharge time of the previous 
RAM cycle. 
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NOTE: 


“These components are not necessary when using the 80186 components. These functions are provided directly by 
the 80186. 


Figure 3. 8086/80186 Dual Port System 
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PRELIMINARY 


A10-A16 


16K RAM INTERFACE 


(1) Unassigned address input pins should be strapped high or low. 
(2) AO along with BHE are used to select a byte within a processor word. 


(3) Low order address bits are used as bank select inputs so that consecutive memory access requests 
are to alternate banks allowing bank interleaving of memory cycles. 


Figure 4. Processor Address Interface to the 8207 Using 16K, 64K, and 256K RAMS 


If not all RAM banks are occupied, the 8207 reassigns 
the RAS and CAS strobes to allow using wider data 
words without increasing the loading on the RAS and 
CAS drivers. Table 2 shows the bank selection 
decoding and the word expansion, including RAS and 
CAS assignments. For example, if only two RAM banks 
are occupied, then two RAS and two CAS strobes are 
activated per bank. Program bits RB1 and RBO are not 
used to check the bank select inputs BS1 and BSO. The 
system design must protect from accesses to “‘illegal’’, 
non-existent banks of memory, by deactivating the 
PEA, PEB inputs when addressing an illegal bank. 


The 8207 can interface to fast (e.g., 2118-10) or slow 
(e.g., 2118-15) RAMs. The 8207 adjusts and optimizes 
internal timings for either the fast or slow RAMs as 
programmed. (See RAM Speed Option). 


Memory Initialization 


After programming, the 8207 performs eight RAM 
“‘warm-up”’ cycles to prepare the dynamic RAM for 
proper device operation. During “‘warm-up’’ some 
RAM parameters, such as tRAH, tASC, may not be 
met. This causes no harm to the dynamic RAM ar- 
ray. If configured for operation with error correction, 
the 8207 and 8206 EDCU will proceed to initialize 
all of memory (memory is written with zeros with 
corresponding check bits). 
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Tabie 2. 
Bank Selection Decoding and’ 
Word Expansion 


Program 
Bits 


1/0 | 0 | 0 | RAS9,CASgtoBanko | 
Pat a ak eae Ge 

1 | 0 | RAS2, CAS: toBank2 | 
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Illegal 


|-0 | RASg, CASo to Bank 0 


RAS, CAS, to Bank 1 
1] 1 [1 | 0 | RAS: CAS: to Bank2 
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Because the time to initialize memory is fairly long, 
the 8207 may be programmed to skip initialization in 
ECC mode. The time required to initialize all of 
memory is dependent on the clock cycle time to the 
8207 and can be calculated by the following 
equation: 


eq.1 Tint = (2°) Toro 
if Too, = 125 ns then TINIT = 1 sec. 
8206 ECC Interface 


For operation with Error Checking and Correction 
(ECC), the 8207 adjusts its internal timing and 
changes some pin functions to optimize perfor- 
mance and provide a.clean dual-port memory inter- 
face between the 8206. EDCU and memory. The 8207 
directly supports a master-only (16-bit word plus 6 
check bits) system. Under extended operation and 
reduced clock frequency, the 8207 will support any 
ECC master-slave configuration up to 80 data bits, 
which is the maximum set by the 8206 EDCU. (See 
Extend Option) 


Correctable errors detected during memory read 
cycles are corrected immediately and then written 
back into memory. 


In a synchronous bus environment, ECC system per- 
formance has been optimized to enhance processor 
throughput, while in an asynchronous bus environ- 
ment (the Multibus), ECC performance has been op- 
timized to get valid data onto the bus as quickly as 
possible. Performance optimization, processor 
throughput or quick data access may be selected via 
the Transfer Acknowledge Option. 


The main difference between the two ECC im- 


~ plementations is that, when optimized for processor 


throughput, RAM data is always corrected and an 
advanced transfer acknowledge is issued at a point 
when, by knowing the processor characteristics, 
data is guaranteed to be valid by the time the proces- 
sor needs it. 


When optimized for quick data access, (valid for Mul- 
tibus) the 8206 is configured in the uncorrecting 
mode where the delay associated with error correc- 
tion circuitry is transparent, and a transfer acknowl- 
edge is issued as soon as valid data is known to exist. 
If the ERROR flag is activated, then the transfer ac- 
knowledge is delayed until after the 8207 has instruc- 
ted the 8206 to correct the data and the corrected 
data becomes available on the bus. Figure 5 il- 
lustrates a dual-port ECC system. 


Figure 6 illustrates the interface required to drive the 
CRCT pin of the 8206, in the case that one port (PORT 
A) receives an advanced acknowledge (not Multibus- 
compatible), while the other port (PORT B) receives 
XACK (which is Multibus-compatible). 


Error Scrubbing 


The 8207/8206 performs error correction during 
refresh cycles (error scrubbing). Since the 8207 must 
refresh RAM, performing error scrubbing during 
refresh allows it to be accomplished without addi- 
tional performance penalties. 


Upon detection of a correctable error during refresh, 
the RAM refresh cycle is lengthened slightly to per- 
mit the 8206 to correct the error and for the corrected 
word to be rewritten into memory. Uncorrectable er- 
rors detected during scrubbing are ignored. 


Refresh 


The 8207 provides an internal refresh interval coun- 
ter and a refresh address counter to allow the 8207 to 
refresh memory. The 8207 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be sup- 
ported. In addition, there exists the ability to refresh 
256 row address locations every 2 milliseconds via 
the Refresh Period programming option. 


The 8207 may be programmed for any of four different 
refresh options: Internal refresh only, External refresh 
with failsafe protection, External refresh without failsafe 
protection, Burst Refresh mode, or no refresh. (See 
Refresh Options) 


It is possible to decrease the refresh time interval by 
10%, 20% or 30%. This option allows the 8207 to 
compensate for reduced clock frequencies. Note 
that an additional 5% interval shortening is built-in in 
all refresh interval options to compensate for clock 
variations and non-immediate response to the inter- 
nally generated refresh request. (See Refresh Period 
Options) 


External Refresh Requests after RESET 
External refresh requests are not recognized by the 
8207 until after it is finished programming and pre- 


paring memory for access. Memory preparation in- 
cludes 8 RAM cycles to prepare and ensure proper 
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Figure 6. Interface to 8206 CRCT Input When Port 
A Receives AACK and Port B Receives 
XACK 


dynamic RAM operation, and memory initialization if 
error correction is used. Many dynamic RAMs re- 
quire this warm-up period for proper operation. The 
time it takes for the 8207 to recognize a request is 
shown below. 


eq.2 Non-ECC Systems: Tresp 

TpREP 

eq.3 where: Tprog = (66) (To, ¢,) which is 
programming time 


eq. 4 TprRep = (8) (32) (To ow) which is 
the RAM warm-up time 


= Tproe + 


if Tote = 125 ns then Tresp = 41 us 


eq.5 ECC Systems: Tresp = TproGc + Tprep + 
TINIT 


if Tote = 125 ns then Tresp = 1 sec 


RESET | 


RESET is an asynchronous input, the falling edge of 
which is used by the 8207 to directly sample to logic 


_ levels of the PCTLA, PCTLB, RFRQ, and PDI inputs. 


The internally synchronized falling edge of RESET is 


used to begin programming operations (shifting in the 
contents of the external shift register into the PDI input). 


Until programming is complete the 8207 registers 
but does not respond to.command or status inputs. A 
simple means of preventing commands or status 
from occurring during this period is to differentiate 
the system reset pulse to obtain a smaller reset pulse 
for the 8207. The total time of the reset pulse and the 
8207 programming time must be less than the time 
before the first command in systems that alter the 
default port synchronization programming bits 
(default is Port A synchronous, Port B asynchro- 
nous). Differentiated reset is unnecessary when the 
default port synchronization programming is used. 
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The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8207. The differentiated reset 
pulse first resets the 8207, and system reset would 
reset the rest of the system. While the rest of the 
system is still in reset, the 8207 completes its pro- 
gramming. Figure 7 illustrates a circuit to ac- 
complish this task. 


Within four clocks after RESET goes active, all the 8207 
outputs will go high, except for PSEN, WE, and AO0-2, 
which will go low. 


OPERATIONAL DESCRIPTION 


Programming the 8207 


The 8207 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of RESET 
actually performs the latching, which means that the 
logic levels on these inputs must be stable prior to 
that time. The inputs whose logic levels are latched at 
the end of reset are the PCTLA, PCTLB, REFRQ, and 
PDI pins. Figure 8 shows the necessary timing for 
programming the 8207. 


| Ras Mele 
jet aa 


| i Scere 
8207 | 
RESET | 


t; PROGRAMMING TIME OF 8207 


SYSTEM 


DIFFERENTIATED RESET 


NOTES: 


(1)Required only when the port synchroniza- 
tion options (SA & SB) are altered from, 
their initial default values. 


(2)Vog must be stable before system reset 
is activated when using this circuit. 


Figure 7. 8207 Differentiated Reset Circuit 
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NOTES: 


TRTVCL — Reset is an asynchronous input, if reset occurs before T,, then it is 


guaranteed to be recognized. 


TPGVCL — Minimum PDI valid time prior to reset going low. 


TCLPC — MUX/PCLK delay. 


TLOAD — Asynchronous load data propagation delay. 


Figure 8. Timing lilustrating External Shift Register Requirements for Programming the 8207 


Status/Command Mode 


The two processor ports of the 8207 are configured 
by the states of the PCTLA and PCTLB pins. Which 
interface is selected depends on the state of the 
individual port’s PCTL pin at the end of reset. If PCTL 
is high at the end of the reset, the 8086 Status inter- 
face is selected; if it is low, then the Command inter- 
face is selected. 


The status lines of the 80286 are similar in code and 
timing to the Multibus command lines, while the status 
code and timing of the 8076 and 8088 are identical to 
those of the 80186 and 80188 (ignoring the differences 
in clock duty cycle). Thus there exists two interface con- 
figurations, one for the 80286 status or Multibus 
memory commands, which is called the Command in- 
terface, and one for 8086, 8088, 80186 or 80188 status, 
called the 8086 Status interface. The Command inter- 
face can also directly interface to the command lines 
of the bus controllers.for the 8086, 8088, 80186 and 
the 80286. 


The 8086 Status interface allows direct decoding of 
the status of the iAPX 86, iAPX 88, iAPX 186 and the 
iAPX 188. Table 3 shows how the status lines are 
decoded. While in the Command mode the iAPX 286 
status can be directly decoded. Microprocessor 
bus controlier read or write commands or Multibus 
commands can also be directed to the 8207 when in 
Command mode. 


Refresh Options 


Immediately after system reset, the state of the 
REFRQ input pin is examined. If REFRQ is high, the 
8207 provides the user with the choice between self- 
réfresh or user-generated refresh with failsafe pro- 
tection. Failsafe protection guarantees that if the 
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Table 3A. Status Coding of 8086, 80186 and 80286 


| StatusCode | Function 
0 | 0 | 0 [INTERRUPT INTERRUPT | 
(0 | o | 1 |WOREAD  |VOREAD 
-o | 4 | 0 lowe  |vowRTE 
4 | 4 [HALT IDLE 


INSTRUCTION 
FETCH 


aides 2 


HALT 


1 | 1 | 0 |MeMory warre|MEMORY WRITE 


Table 3B. 8207 Response 
8207 
Command 
8086/80186 
part a 


Status 
reer 


Command 
Interface 


| READ | INHIBIT 
to bt oc} ware ob: ANB 
Lt fait | enone | IGNORE 
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user does not come back with another refresh re- 
quest before the internal refresh interval counter 
times out, a refresh request will be automatically 
generated. If the REFRQ pin is low immediately after 
a reset, then the user has the choice of a single 
external refresh cycie without failsafe, burst refresh 
or no refresh. : 


Internal Refresh Only 


For the 8207 to generate internal refresh requests, it 
is necessary only to strap the REFRQ input pin high. 


External Refresh with Failsafe 


_To aliow user-generated refresh requests with fail- 


_ Safe protection, it is necessary to hold the REFRQ 


input high until after reset. Thereafter, a ljow-to-high 
transition on this input causes a refresh request to be 
generated and the internal refresh interval counter 
to be reset. A high-to-low transition has no effect on 
the 8207. A refresh request is not recognized until a 


_ previous request has been serviced. 


External Refresh without Failsafe 


To generate single external refresh requests without 


failsafe protection, it is necessary to hoid REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period causes a refresh request to be 
generated. A refresh request is not recognized untila 
previous request has been serviced. 


Burst Refresh 


Burst refresh is implemented through the same pro- 
cedure as a single external refresh without failsafe (i-e., 
REFRQ is kept low until after reset). Thereafter, bring- 
ing REFROQ high for at least two clock periods causes 
a burst of up to 128 row address locations to be 
refreshed. 


In ECC-configured systems, 128 locations are scrubbed. 
Any refresh request is not recognized until a previous 
request has been serviced (i.e., burst completed). 


No Refresh 


it is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refresh is accomplished by 
keeping REFRQ low. 


Option Program Data Word 


The program data word consists of 16 program data 
bits, PDO—PD15. If the first program data bit PDO is 
set to logic 1, the 8207 is configured to support ECC. 
If it is logic 0, the 8207 is configured to support a non- 
ECC system. The remaining bits, PD1—PD15, may 
then be programmed to optimize a selected configura- 
tion. Figures 9 and 10 show the Program words for non- 
ECC and ECC operation. 


Using an External Shift Register 


The 8207 may be configured to use an external shift 
register-with asynchronous load capability such asa. 
74LS165. The reset pulse serves to parailel load the 
shift register and the 8207 supplies the clocking sig- 
nal to shift the data in. Figure 11 shows a sample 
circuit diagram of an external shift register circuit. 


Serial data is shifted into the 8207 via the PDI pin (57), 
and clock is provided by the MUX/PCLK pin (12), which 
generates a total of 16 clock pulses. After program- 
ming is complete, data appearing at the input of the 
PDI pin is ignored. MUX/PCLK is a dual-function pin. 
During programming, it serves to clock the external shift 
register, and after programming is completed, it reverts 
to a MUX control pin. As the pin changes state to select 
different port addresses, it continues to clock the shift 
register. This does not present a problem because data 
at the PDI pin is ignored after programming. Figure 8 
illustrates the timing requirements of the shift register 
Circuitry. | 


ECC Mode (ECC Program Bit) 


The state of PDI (Program Data In) pin at reset deter- 
mines whether the system is an ECC or non-ECC 
configuration. It is used internally by the 8207 to 
begin configuring timing circuits, even before pro- 
gramming is completely finished. The 8207 then 
begins programming the rest of the options. 


Default Programming Options 


After reset, the 8207 serially shifts in a program data 
word via the PDI pin. This pin may be strapped either 
high or low, or connected to an external shift register. 
Strapping PDI high causes the 8207 to default to a 
particular system configuration with error correc- 
tion, and strapping it low causes the 8207 to default 
to a particular system. configuration without error 
correction. Tabie 4 shows the default configurations. 


‘ 
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PD& PD7 PDO 


[0 | © [rs ppn) FFs} exr] acs} ci | ci |i] Ago] AFS| rs] so | SA) | 
PROGRAM | 
DATA BIT POLARITY/FUNCTION 


ECC=0 FOR NON-ECC MODE 


SA=0 PORTAIS SYNCHRONOUS 
SA=1 PORTAIS ASYNCHRONOUS 


SB=0 PORT BIS ASYNCHRONOUS 
SB=1 PORT BIS SYNCHRONOUS 


CFS=0 FAST-CYCLE iAPX 286 MODE 
CFS=1 SLOW-CYCLE iAPX 86 MODE 


RFS=0 FAST RAM 
RFS=1 SLOW RAM 


RAM BANK OCCUPANCY 
SEE TABLE 2 


COUNT INTERVAL BIT 1; SEE TABLE 6 
COUNT INTERVAL BIT 0; SEE TABLE 6 


PLS PLS=0 LONG REFRESH PERIOD 
PLS=1 SHORT REFRESH PERIOD 
EXT EXT=0 NOT EXTENDED 
EXT=1 EXTENDED 


FFS=0 FAST CPU FREQUENCY 

FFS=1 SLOW CPU FREQUENCY 

PPR=0 MOST RECENTLY USED PORT 

bas: PRIORITY 

PR=1 PORTA PREFERRED 
PRIORITY 
™1 TM1=0 TEST MODE-1 OFF 
TM1=1 TEST MODE 1 ENABLED 


RESERVED MUST BE ZERO 
eS. ea RESERVED MUST BE ZERO 


Figure 9. Non-ECC Mode Program Data Word i ? 


SA 


PD2 


PD1 


” 
ao 


Uv\u0uv 
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ow 
arg 


ogo 


PD15 : PD8 PD7 PDO 


[Tal nex [neo perl rrs|ext|eis | en | xe | x [ars|ors] 56 | sa] + 
PROGRAM ; 
DATA BIT POLARITY/FUNCTION : s 


SA=0 PORTA ASYNCHRONOUS 
SA=1 PORTA SYNCHRONOUS 


SB=0 PORT B SYNCHRONOUS 
SB=1 PORT B ASYNCHRONOUS 


SLOW-CYCLE iAPX 86 MODE 
FAST-CYCLE iAPX 286 MODE 


SLOW RAM 
FAST RAM 


MULTIBUS-COMPATIBLE 
ACKA ; 
ADVANCED ACKA NOT ea 
MULTIBUS-COMPATIBLE ' % 
XB=0 ADVANCED ACKB NOT ) 
MULTIBUS COMPATIBLE . ; 
MULTIBUS-COMPATIBLE : 
ACKB 


COUNT INTERVAL BIT 1; SEE TABLE 6 rae 
COUNT INTERVAL BIT 0; SEE TABLE 6 fs ; 


PLS=0 SHORT REFRESH PERIOD a 
PLS=1 LONG REFRESH PERIOD oe 


PLS 
- EXT EXT=0 MASTER AND SLAVE EDCU eta 
EXT=1 MASTER EDCU ONLY | ‘ 
FFS=0 SLOW CPU FREQUENCY eh 
FFS=1 FAST CPU FREQUENCY = 


PPR=0 PORTAPREFERRED | does 
PRIORITY 2 

PPR=1 MOST RECENTLY USED PORT a 
PRIORITY 


RAM BANK OCCUPANCY ne 
SEE TABLE 2 Ps 
, : Patt 


TM2=0 TEST MODE 2 ENABLED rol aaa 
TM2=1 TEST MODE 2 OFF ‘3 


S , 
“oat 


\ 


Figure 10. ECC Mode Program Data Word ech. a 


6-165 — | . 210463-003 


vc 


PRELIMINARY 


cae Cn See Pee 


is 
eS He , JUMPER OPTIONS 


Figure 11. External Shift Register Interface 


Table 4A. 
Default Non-ECC Programming, PDI Pin (57) 
: Tied to Ground. 


Port A is Synchronous (EAACKA and XACKA) 
Port B is Asynchronous (LAACKB and XACKB) 


Fast-cycle Processor Interface (10 or 16 MHz) 


Fast RAM 
Refresh Interval uses 236 clocks 
128 Row refresh in 2 ms; 256 Row refresh in 4 ms 


Fast Processor Clock Frequency (16 MHz) 


“Most Recently Used” Priority Scheme 


4 RAM banks occupied ; 


Table 4B. 
Default ECC Programming, PDI Pin (57) 
Tied to Vcc. 


Fast Processor Clock Frequency (16 MHz) 
“Most Recently Used” Priority Scheme 
4 RAM banks occupied 
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If further system flexibility is needed, one or two 
external shift registers can be used to tailor the 8207 
to its operating environment. 


Synchronous/Asynchronous Mode 
(SA and SB Program Bits) 

{ 
Each port of the 8207 may be independently config- 
ured to accept synchronous or asynchronous port 
commands (RD, WR, PCTL) and Port Enable (PE) via 
the program bits SA and SB. The state of the SA and 
SB programming bits determine whether their asso- 
ciated ports are synchronous or asynchronous. 


While a port may be configured with either the Status 
or Command interface in the synchronous mode, 
certain restrictions exist in the asynchronous mode. An 
asynchronous Command interface using the control 
lines of the Multibus is supported, and an asynchronous 
8086 interface using the control lines of the 8086 is 
supported, with the use of TTL gates as illustrated in 
Figure 2. In the 8086 case, the TTL gates are needed 
to guarantee that status does not appear at the 8207’s 
inputs too much before address, so that a cycle would 
start before address was valid. 


Microprocessor Clock Frequency Option 
(CFS and FFS Program Bits) : 


The 8207 can be programmed to interface with slow- 
cycle microprocessors like the 8086, 8088, 80188 and 
80186 or fast-cycle microprocessors like the 80286. The 
CFS bit configures the microprocessor interface to 
accept slow or fast cycle signals from either micro- 
processor group. 


This option is used to select the speed of the micro- 
processor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. | 


Table 5. 
Microprocessor Clock Frequency Options 


Processor Clock | 

cos) | rans 

ea ee 
88, 186, 188 

fe see ee 

ee Eee 


iAPX 286 10 MHz | 
iAP 286 | 16 MHz 
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The external clock frequency must be programmed 
so that the failsafe refresh repetition circuitry can 
adjust its internal timing accordingly to produce a 
refresh request as programmed. 


RAM Speed Option (RFS Program Bit) 


The RAM Speed programming option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slow is mea- 
sured relative to the 2118-10 (Fast) or the 2118-15 
_ (Slow) RAM specifications. 


Refresh Period Options 
(Ci0, Cl1, and PLS Program Bits) 


The 8207 refreshes with either 128 rows every 2 mil- 
liseconds or 256 rows every 4 milliseconds. This 
translates to one refresh cycle being executed ap- 
proximately once every 15.6 microseconds. This rate 
can be changed to 256 rows every 2 milliseconds or a 
refresh approximately once every 7.8 microseconds 
via the Period Long/Short, program bit PLS, pro- 
gramming option. The 7.8 microsecond refresh re- 
quest rate is intended for those RAMs, 64K and 
above, which may require a faster refresh rate. 


In addition to PLS program option, two other pro- 


gramming bits for refresh exist: Count Interval 0 (Cl0) 


and Count interval 1 (Cl1). These two programming 
bits allow the rate at which refresh requests are 
generated to be increased in order to permit refresh 
requests to be generated close to the same 15.6 or 
7.8 microsecond period when the 8207 is operating 


at reduced frequencies. The interval between re- 


freshes is decreased by 0%, 10%, 20%, or 30% asa 
function of how the count interval bits are program- - — 
med. A 5% guardband is built-in to allow for any — 
clock frequency variations. Table 6 shows the refresh — 


period options available. 


The numbers tabulated under Count Interval represent 
the number of clock periods between internal refresh 
requests. The percentages in parentheses represent 
the decrease in the interval between refresh requests. 
Note that all intervals have a built-in 5% (approximate- 
ly) safety factor to compensate for minor clock frequen- 
cy deviations and non-immediate response to internal 
refresh requests. 


Extend Option (EXT Program Bit) Soa 


The Extend option lengthens the memory cycle to 
allow longer access time which may be required by 
the system. Extend alters the RAM timing to compen- 
sate for increased loading on the Row and Column 
Address Strobes, and in the multiplexed Address 
Out lines. 


Port Priority Option and Arbitration 
(PPR Program Bit) 


The 8207 has to internally arbitrate among three 
ports: Port A, Port B and Port C—the refresh port. 
Port C is an internal port dedicated to servicing 


refresh requests, whether they are generated inter- 


nally by the refresh inverval counter, or externally by 
the user. Two arbitration approaches are available via 


Table 6. Refresh Count Interval Table 


Count Interval 
Cli, Clo 
(8207 Clock Periods) 


5 ty —— 2 Te - . : : 
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the Port Priority programming option, program bit 
PPR. PPR determines whether the most recently 
used port will remain selected (PPR = 1) or whether 
Port A will be favored or preferred over Port B 
(PPR = 0). 


A port is selected if the arbiter has given the selected 
port direct access to the timing generators. The 
front-end logic, which includes the arbiter, is de- 
signed to operate in parallel with the selected port. 
Thus a request on the selected port is serviced imme- 
diately. In contrast, an unselected port only has ac- 
cess to the timing generators through the front-end 
logic. Before a RAM cycle can start for an unselected 
port, that port must first become selected (i.e., the 
MUX output now gates that port’s address into the 
8207 in the case of Port A or B). Also, in order to allow 
its address to stabilize, a newly selected port's first 
RAM cycie is started by the front-end logic. There- 
fore, the selected port has direct access to the timing 
generators. What all this means is that a request ona 
selected port is started immediately, while a request 
on an unselected port is started two to three clock 
periods after the request, assuming that the other 


two ports are idle. Under normal operating condi- 
tions, this arbitration time is hidden behind the RAM 
cycle of the selected port so that as soon as the 
present cycle is over a new cycle is started. Table 7 
lists the arbitration rules for both options. 


Port LOCK Function 


The LOCK function provides each port with the 
ability to obtain uninterrupted access to a critical 
region of memory and, thereby, to guarantee that the 
opposite port cannot “sneak in” and read from or | 
write to the critical region prematurely. . 


Only one LOCK pin is present and is multiplexed 
between the two ports as follows: when MUX is high, 
the 8207 treats the LOCK input as originating at 
PORT A, while when MUX is low, the 8207 treats 
LOCK as originating at PORT B. When the 8207 
recognizes a LOCK, the MUX output will remain 
pointed to the locking port until LOCK is deactivated. 
Refresh is not affected by LOCK and can occur dur- 
ing a locked memory cycle. 


Table 7. The Arbitration Rules for the Most Recently Used Port Priority and for 
Port A Priority Options Are As follows: 


. 1. If only one port requests service, then that port—if not already selected—becomes selected. 


2a. When no service requests are pending, the last selected processor port (Port A or B) will remain selected. 


(Most Recently Used Port Priority Option) 


Option) 


2b. When no service requests are pending, Port A is selected whether it re 


quests service or not. (Port A Priority 


3. During reset initialization only Port C, the refresh port, is selected. 
4, If no processor requests are pending after reset initialization, Port A will be selected. 


Option) 


port. 


5a. If Ports A and B simultaneously(*) request service while Port C is being serviced, then the next port to be 
selected is the one which was not selected prior to servicing Port C. (Most Recently Used Port Priority 


SRD, If Ports A and B simultaneously(*) request service while Port C is selected, then the next port to be selected 
is Port A. (Port A Priority Option) 
6. 


if a port simultaneously requests service with the currently selected port, service is granted to the selected 


3 The MUX output remains in its last state whenever Port C is selected. / 


lf Port C and either Port A or Port B (or both) simultaneously request service, then service is granted to the 
requester whose port is already selected. If the selected port is not requesting service, then service is 


granted to Port C. 


If during the servicing of one port, the other port requests service before or simultaneously with the refresh 
port, the refresh port is selected. A new port is not selected before the presently selected port is 
deactivated. 


. 


10. Activating LOCK will mask off service requests from Port B if the MUX output is high, or from Port A if the 


MUX output is low. 


-| * By “simultaneous” it is meant that two or more requests are valid at the clock edge at which the internal arbiter 


samples them. 
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Dual-Port Considerations 


/ 

For both ports to be operated synchronously, several 
conditions must be met. The processors must be the 
same type (Fast or Slow Cycle) as defined by Table 8 
and they must have synchronized clocks. Also when 
processor types are mixed, even though the clocks 
may be in phase, one frequency may be twice that of 
the other. So to run both ports synchronous using 
the status interface, the processors must have 
related timings (both phase and frequency). If these 
conditions cannot be met, then one port must run 
synchronous and the other asynchronous. 


Figure 3 illustrates an example of dual-port operation 
using the processors in the slow cycle group. Note the 
use of cross-coupled NAND gates at the MUX output 
for minimizing contention between the two latches, and 
the use of flip flops on the status lines of the asyn- 
chronous processor for delaying the status and thereby 
guaranteeing RAS will not be issued, even in the worst 
case, until address is valid. 


Processor Timing 


In order to run without wait states, AACK must be 
used and connected to the SRDY input of the ap- 
propriate bus controller. AACK is issued relative to a 
point within the RAM cycle and has no fixed relation- 
ship to the processor’s request The timing is such, 
however, that the processor will run without wait states, 
barring refresh cycles, bank precharge, and RAM 
accesses from the other port. In non-ECC fast cycle, 
fast RAM, non-extended configurations (80286), AACK 
is issued on the next falling edge of the clock after the 


edge that issues RAS. In non-ECC, slow cycle, non- 
extended, or extended with fast RAM cycle configura- 
tions (8086, 80188, 80186), AACK is issued on the 
same clock cycle that issues RAS. Figure 14 illustrates 
the timing relationship between AACK, the RAM cycle, 
and the processor cycle for several different situations. 


Port Enable (PE setup time requirements depend on 
whether the associated port is configured for syn- 
chronous or asynchronous fast or siow cycle operation. 
In a synchronous fast cycle configuration, PE is re- 
quired to be setup to the same clock edge as the status 
or commands. If PE is true (low), a RAM cycle is started; 
if not, the cycle is aborted. The memory cycle will only 
begin when both valid signals (PE and RD or WR) are 
recognized at a particular clock edge. In aynchronous 
operation, PE is required to be setup to the same clock 
edge as the internally synchronized status or com- 
mands. Externally, this allows the internal synchroniza- 
tion delay to be added to the status (or command)-to- 
PE delay time, thus allowing for more external decode 
time that is available in synchronous operation. 


The minimum synchronization delay is the additional 
amount that PE must be held valid. If PE is not held 
valid for the maximum synchronization delay time, it 
is possible that PE will go invalid prior to the status or 
command being synchronized. In such a case the 8207 
aborts the cycle. If a memory cycle intended for the 
8207 is aborted, then no acknowledge (AACK or XACK) 
is issued and the processor locks up in endless wait 
states. Figure 15 illustrates the status (command) 
timing requirements for synchronous and asyn- 
chronous systems. Figures 16 and 17 show a more 
detailed hook-up of the 8207 to the 8086 and the 80286, 
respectively. 
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ADDRESS 2 NS ILLS, A SY RE RE 9 8 


PSEL 


RAM DATA a ys) () Vite ay) . 


CYCLE DELAYED BY 9 ————»|——_. CYCLE WITHOUT ——+} 
ACCESS ON OTHER l WAIT STATES l 
PORT, REFRESH CYCLE 
NOTE: OR BANK PRECHARGE 


1. The RAS and CAS shown in figure are different banks being accessed. 


Figure 14. iAPX 286/8207 Synchronous-Status Timing Programmed in non-ECC Mode, CO 
Configuration (Read Cycle) 
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8207 CLK 


COMMAND/STATUS 


PE 


i) 


(A) PE SET-UP AND HOLD TIME REQUIREMENTS FOR FAST CYCLE, 
SYNCHRONOUS OPERATION (80286 CMD/STATUS) 


8207 CLK | | | | | | | | | | | | 


COMMAND/STATUS 


(B) PE TIMING REQUIREMENTS FOR FAST OR SLOW CYCLE 
ASYNCHRONOUS OPERATION 


Figure 15. 


Memory Acknowledge 
(AACK, XACK) 


In system configurations without error correction, 
two memory acknowledge signals per port are sup- 


plied by the 8207. They are the Advanced Acknowl- © 


edge strobe (AACK) and the Transfer Acknowledge 
strobe (XACK). The CFS programming bit deter- 
mines for which processor AACKA and AACKB are 
optimized, either 80286 (CFS = 1) or 8086/186 (CFS 
_= 0), while the SA and SB programming bits optimize 
AACK for synchronous operation (“early” AACK) or 
asynchronous operation (“late” AACK). 


‘Both the early and late AACK strobes are three 
clocks long for CFS = 1 and two clocks long for CFS 


= 0. The XACK strobe is asserted when data is valid: 


(for reads) or when data may be removed (for writes) 
and meets the Multibus requirements. XACK is 


removed asynchronously by the command going in- 
active. Since in asynchronous operation the 8207 
removes read data before late AACK or XACK is 
recognized by the CPU, the user must provide for 
data latching in the system until the CPU reads the 
data. In synchronous operation, data latching is un- 
necessary since the 8207 will not remove data until 
the CPU has read it. 


In ECC-based systems there is one memory acknow- 
ledge (XACK or AACK) per port and a programming bit 
associated with each acknowledge. If the X program- 
ming bit is high, the strobe is configured as XACK, while 


if the bit is low, the strobe is configured as AACK. As 


in non-ECC, the SA and SB programming bits deter- 
mine whether the AACK strobe is early or late (EAACK 
or LAACK). 


Data will always be valid a fixed time after the occur- 
rence of the advanced acknowledge. Table 9 sum- 
marizes the various transfer acknowledge options. 
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NOTE: 
“These components are not necessary when using the 80186. These functions are 
provided directly by the 80186. 


Figure 16. 8086/80186, 8207 Single Port Non-ECC Synchronous Systems 
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Figure 17. 80286 Hook-up to 8207 Non-ECC Synchronous System-Single Port. rae } 
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80286 STATUS 


. 8086/80186 | STATUS 


MULTIBUS 


Table 8. Processor Interface/Acknowledge Summary 


SYNC/ASYNC 
PROCESSOR REQUEST TYPE INTERFACE — 


80286 STATUS SYNC 


80286 COMMAND 


80286 COMMAND 


COMMAND ASYNC 


ACKNOWLEDGE TYPE 
RACK 
ASYNC 


SYNC be 
~ ASYNC 
ASYNC 


Table 9. Memory Acknowledge Option Summary 


Test Modes _ , 


Two special test modes exist in the 8207 to facilitate 
testing. Test Mode 1 (non-ECC mode) splits the 
refresh address counter into two separate counters 
and Test Mode 2 (ECC mode) presets the refresh 
address counter to a value slightly less than rollover. 


Test Mode 1 splits the address counter into two, and 
increments both counters simultaneously with each 
refresh address update. By generating external 
refresh requests, the tester is able to check for 
proper operation of both counters. Once proper indi- 
vidual counter operation has been established, the 
8207 must be returned to normal mode and a second 
test performed to check that the carry from the first 
counter increments the second counter. The outputs 


_of the counters are presented-on the address out bus 


with the same timing as the row and column ad- 
dresses of a normal scrubbing operation. During 
Test Mode 1, memory initialization is inhibited, since 
the 8207, by definition, is in non-ECC mode. 


Test Mode 2 sets the internal refresh counter to a 


- value slightly less than rollover. During functional 


testing other than that covered in Test Mode 1, the 
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pe SEE Sipohronpug. |. "|. Asynchroncue! f=]? Kat 2 2 
AACK Optimized AACK Optimized for Multibus Compatible 
Fast Cycle for Local 80286 Remote 80286 
AACK Optimized AACK Optimized for 
Slow Cycle for Local 8086/186 Remote 8086/186 


Multibus Compatible 


8207 will normally be set in Test Mode 2. Test Mode 2 
eliminates memory initialization in ECC mode. This 
allows quick examination of the circuitry which 
brings the 8207 out of memory initialization and into 
normal operation. 


General System Considerations 

The RASo-3, CASo-3, AOo-g, output buffers were 
designed to directly drive the heavy capacitive loads 
associated with dynamic RAM arrays. To keep the RAM 
driver outputs from ringing excessively in the system 
environment and causing noise in other output pinsitis . 
necessary to match the output impedance of the RAM 
output buffers with the RAM array by using series 
resistors and to add series resistors to other control 
outputs for noise reduction if necessary. Each applica- 
tion may have different impedance characteristics and 
may require different series resistance values. The 
series resistance values should be determined for each 
application. In non-ECC:systems unused ECC input 
pins should be tied high or low to improve noise 
immunity. 

The 8207 is packaged in a 68-pin, leadless JEDEC type 
A hermetic chip carrier. 
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ABSOLUTE MAXIMUM RATINGS | 


Ambient Temperature NOTICE: Stress above those listed under “Absolute 

Under Bias....... Sie ds 65 HG vos —0°C to +70°C Maximum Ratings” may cause permanent damage 
Storage Temperature .......... —65°C to + 150°C to the device. This is a stress rating only and 
Voltage On Any Pin With functional operation of the device at these or any 
Te ee PECt SO GTOUNG 6 oie os —.5V to +7V other conditions above those indicated in the 
Ow THESIOGHION,... occ navalecdeus cece 2.5 Watts operational sections of this specification is not 


implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 
(T, = 0°C to +70°C, Yo = 5.0V + 10% for 8207; + 5% for 8207-2 and 8207-5, \w, = GND) 


Low Voltage 


RAM Output 
High Voltage 


| ke | __ Supply Current 
Input Leakage Current 


| 
V Clock Input 
Low Voltage 
Vy Clock Input 
High Voltage 
Input Capacitance 


lo. = 8 MA and lon = -0.2 mA (Typically lo, = 10 MA and lon = -0.88 mA) 


cc 
Ll 
CL 
CH 
IN 


A.C. Testing Load Circunt A.C. Testing Input, Output Waveform 


CAS, 4 
| Ay. 
Other Outputs 


8207 


A.C. Testing inputs (except clock) are driven at 
2.4V for a logic “1°’ and 0.45V for a logic ‘‘0” 
(clock is driven at 4.0V and 0.45V for logic ‘'1° 
and ‘‘0”’ respectively). Timing measurements are 

, Made at 2.0V, 2.4V for logic “1” and 0.8 V for logic 
ee: ‘ 
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A.C. CHARACTERISTICS 

(Ta = 0°C to 70°C; Voc = +5V + 10% for 8207; + 5% for 8207-2, 8207-5; Vgg = OV) 

Measurements made with respect to RASg3 , CASp.3 , AOog , are at 2.4V and 0.8V. All other pins are measured 
at 2.0V and 0.8V. All times in nsec unless otherwise indicated. Testing done with specified test load. 
CLOCK AND PROGRAMMING 


Parameter 


ee ema MVE ET i Sa 
Clock Rise Time Le Pek 
TCLCL Clock Period 


TCL 


TCH Clock High Time 8207 20 
8207 | TCLCL-3 
8207-2 | TCLCL/3-3 


[Reset iocixisewe || 
ii Gewees 

anaes 

Cec ae 

ane a 

as 

ae es 


Clock Low Time 


4/3 

i 

TIS 
2 


Reset Pulse Width 4 TCLCL 


TPGVRTL| PCTL,PDI,AFRQto RESET: Setup | 125 | 
7 | TRTLPGX| PCTL, RFRQ to RESETS Hold ee ee 
cLPC | PCLK from CLKt Delay epee, 


+ 


PDVCL PDin to CLK+ Setup 
PDin to CLK+ Hold 


| 
Pe ee ee 
ees 
ae 

ns 

TCLCL/3-3 ns 
el che eed ae 
Famers ae case 
pais Fe SS 
Me SAS: 
en Bile Ee 
MeeetS So" Base: 
ES ene a 


HA 


TCLPDX 
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A.C. CHARACTERISTICS (Continued) 
RAM WARM-UP AND INITIALIZATION 


Re fae ote guciew ssi, Lhd eouad noun rmvencpdlomerbactel 
SYNCHRONOUS uP PORT INTERFACE 
pa [reo |Reageuw sd aw «| ee Pham pcon) eae 
Tre [reve | A0,WA FE pou wccan | ao | |» | [wf 
Tro [roux | A0,WR. FE ronwouwes | 0 | [0 | |=] 
Tie [revo | 95,0 pcre ocuxt soup | a» | +| a» 


’- ASYNCHRONOUS uP PORT INTERFACE 


RD, WR to CLKt Setup 
TRwL | AD, WA Pulse Wiat Cr oe ee oe 


17 | TRWLPEV] PE from RD, WR} Delay 8207 TCLCL-20 ns 

8207 TCLCL-30 ns 

8207-2 TCLCL-30 TCLCL-50 | ns 
| 18 | TRWLPEX| PE to AD, WAY Hold etcicL+30] == 2TCLCL+50 padre ook 
| 19 | TRWLPTV) PCTL from AD, WRI Delay ee ee ee ee 
| 20 | TRWLPTX| PCTL to RD, WA} Hold arcuci+30| ss areuci+so| i | oe 
Car | rewiery cr. rom AB, Wl Delay Rican Cea Sees 
| 22_| TRWLPrx] PCTL to RD, WR! Hold ci) ae Rance at ne BF 
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A.C. CHARACTERISTICS (Continued) 


RAM INTERFACE 
* Parameter | Max. | Min. | Max. | 
fies canta et eet 
piae | rotax” PAL an BS TO CUR Hold fe a he ee on 
pean | aise 6h se 
Perr 
Pa 


2 rose) Rasen stay Lf 
| 28 |TOLASH | RASt from CLK: Delay 


ee ee RAS to CAS Delay — a 
rota 25 


42.13, 15 


1,13,15,16 
en 15,17 | 
Row AO to RAS} | Row AO toRASHSetup si | 10,18 18 
Sc Column AO to CAS+ Setup 11,13,19,20 
, 12,13,19 
TCLCL/2-26 1,13,19 


[cawon nde ORS Ho 
43a 4+30 TCLCL/1.8+78 

Pex [revcsr | @rSi ton cid bomy Se ie ase 

Tse [reuw | We tom Gu Doay 

a 


| 32 |tCAH Column AO to CAS Hold (See DRAM Interface Tables) 


TFVCL FWR to CLK+ Setup 
TCLFX FWR to CLK} Hold 
ERROR to CLK+ Setup 


ERROR to CLK} Hold 
R/W from CLK! Delay 
RM from CLKI Delay 


FWR from WR} Delay 8207 
8207-2 
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A.C. CHARACTERISTICS (Continued) 
- PORT SWITCHING AND LOCK 


= oe ee Parameter | Max. | 
ay 60 


Rect See 
Ort Bias! Se 
meas | [wea 
ee re 


: 3TCLCL+30 


RFRQ to CLK} Setup it agen 
pecie 24 


Br ig 
ee. 
a oe 
eee 
Seeajee 


i Bs J 


St | 63 |TBRFH | Burst RFRQ Pulse Width 2TCLCL+30 


NOTES: 
. Specification when programmed in the Fast Cycle processor mode (iAPX 286 mode). 
. Specification when programmed in the Siow Cycle processor mode (iAPX 186 mode). 
Must be programmed in Slow Cycle processor mode. 
RESET is internally synchronized to CLK. Hence a set-up time is required only to guarantee its recognition at a particular clock edge. 
. The first programming bit (PDO) is also sampled by RESET going low. 
TCLPDxX is guaranteed if programming data is shifted using PCLK. 
| WZ is issued only in ECC mode. 
. TRWVCL is not required for an asynchronous command except to guarantee its recognition at a particular clock edge. 
. Valid when programmed in either Fast or Slow Cycle mode. 
10. tASR is a user specified parameter and its value should be added accordingly to TAVCL. * 
Js 11. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns. 
“we 12. When programmed in Slow Cycle mode and 200 ns < TCLCL. 
bs -13. Specification for Test Load conditions. 
14. tRCD (actual) = tRCD (specification) +0.06 (ACR as) - 0.06 (ACoas) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 
15. tRAH (actual) = tRAH (specification) + 0.06 (ACR as) - 0.022 (A ‘Ao Where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 
16. When programmed in Fast Cycle mode (8207 ony) and 62.5 ns < TCLCL < 200 ns. 
17. When programmed in Fast Cycle mode (8207 only) and 200 ns < TCLCL. 

; ; 18. tASR (actual) = tASR (specification) +0.06 (AC ap) - 0.025 (ACR ac) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 
oy 19. tASC (actual) = tASC (specification) +0.06 (AC ap) - 0.025 (ACc as) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 
S eo 20. tASC is a function of clock frequency and thus varies with changes in frequency. A mimimum value is specified. 

21. See 8207 DRAM Interface Tables 14 - 18. 


22. TWRLEFV is defined for both Srnprcnowe and asynchronous FWR. In systems in which FWR is decoded directly from the address inputs to the 8207. TCLFV is 
automatically guaranteed by TCLAV. 


23. TFVCL is defined for synchronous FWA. 


24. TCLFV is defined for both synchronous and asynchronous FWR. In systems in which FWR is decoded directly from the address inputs to the 8207. 
TCLFV is automatically guaranteed by TCLAV. 
25. ERROR and CE are set-up to CLK} in fast cycle mode and CLKt in slow cycle mode. 
26. ERROR is set-up to the same edge as R/W is referenced to, in RMW cycles. 
27. CE is set-up to the same edge as WE is referenced to in RMW cycles. 
ye 28. Specification when TCL < 25 ns. 
me 29. Specification when TCL > 25 ns. 
30. Synchronous operation only. Must arrive by the second clock falling edge after the clock edge which recognizes the command in order to be effective. 
31. LOCK —_ be held active for the entire period the opposite port must be locked out. One clock after the release of LOCK the opposite port will be able to obtain 
access to memory. 
32. Asynchronous mode only. In this mode a synchronizer stage is used internally in the 8207 to synchronize up LOCK. TRWLLKV and TRWHLKX are only 
required for guaranteeing that LOCK will be recognized for the requesting port, but these parameters are not required for correct 8207 operation. 
33. TFRFH and TBRFH pertain to asynchronous operation only. 
34 
35 


OMNANMSON— 


. Single RFRQ cannot by supplied asynchronously. 
. tR and tF are referenced from the 3.5V and 1.0V levels. 
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WAVEFORMS 
Clock and Programming Timings 


RESET Qu 
PCTL 
rho ¥ 
REFRO REFREDTTODE (9) 


RAM Warm-up and Memory Initialization Cycles 


RESET ——___ 


Sr - SG 22a pa Sears a ee 


PROGRAMMING 

: LAST RAM WARM-UP OR 

; RESET ; FIRST RAM WARM-UP CYCLE | INITIALIZATION CYCLE | 
AIOE SCA aR “SPCR ERR eRe ORR Seaman <s 


NOTES: 
1. When in non-ECC mode or in ECC mode with the TM2 programming bit on, there are no initialization cycles, 
when in ECC mode with TM2 off, the dummy cycles are followed by initialization cycles. 


2. The present example assumes a RAS four clocks long. 
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WAVEFORMS (Continued) 
Synchronous Port Interface 


COMMAND MODE/ 
FAST CYCLE 
RB PE 


COMMAND MODE/ 
FAST CYCLE 
PCTL (INHIBIT) 


COMMAND MODE/ 
FAST CYCLE 
| INTERNAL INHIBIT 


SLOW CYCLE 
PE 


SLOW CYCLE 
PCTL 


INTERNAL 
CYCLE REQUEST 


NOTE: 
Refer to Tables 12, 13 when using A.C. timing waveforms 
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WAVEFORMS (Continued) 
Asynchronous Port Interface 


FAST/SLOW CYCLE 
RD, WR 


FAST/SLOW CYCLE 
| PE 


SLOW CYCLE 
PCTL 


FAST CYCLE 
PCTL (INHIBIT) 


FAST CYCLE 
INTERNAL INHIBIT 


INTERNAL 
CYCLE REQUEST 
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WAVEFORMS (Continued) 
RAM Interface Timing 
ECC and Non-ECC Mode 


INTERNAL 
CYCLE REQUEST 


Alo - ALg 
AHo - AHg 
BSo - BS; 


LEN 


e : Note: 
Dashed waveform indicates that either clock edge may cause the signal transition 
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WAVEFORMS (Continued) ee 
Port Switching and Lock Timing i 
| CLK : 

¢g 

COMMAND 

COMMAND Ba 

PORT B nee \ PORT B IF LOCK = 0 : 
3 


PORT B 


LOCK LLL LI) 


FAST CYCLE 


(8) 
INTERNAL LOCK ! 
DISABLE 


ce ce care en xa ss a a ee a re 


NOTE: 


Transients during MUX switching. 
Refresh Request Timing 


FAILSAFE REFRESH 
REQUEST 


SINGLE REFRESH 
REQUEST 


BURST REFRESH 
REQUEST 
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WAVEFORMS (Continued) 
ECC Interface Timing 


INTERNAL 
CYCLE REQUEST 


FAST CYCLE 
FWR 


SLOW CYCLE 
FWR 


G5) 
Cf a 


WE 


NOTE: 


1. This parameter is set-up to the falling edge of clock, as shown, for fast cycle configurations. It is set-up to the 


rising edge of clock if in slow cycle configurations. Table 13A shows which clock and clock edge these 
signals are set-up in the R/W L column. 
| 


2. CE is set-up to the same edge as. WE is referenced to in RMW cycles. 
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CONFIGURATION TIMING CHARTS Tables 10 and 11 give a description of non-ECC and 


The timing charts that follow are based on 8 basic | ECC system configurations based on the 8207's a 
system configurations where the 8207 operates. PDO, PD3, PD4, PD10 and PD11 programming bits. 


Table 10. Non-ECC System Configurations 


Non-ECC Mode: PDO=0 
/erseos) | aFSeDa) | extipow) | FFSPON) | 
3 


aed ek 
) 


(0) 

— 
oe 
wee nie 
SS ST a 
spree 
— 
ens) 
iAPX186(1) EXT(1) 5 MHZ(1) 


‘ 


Table 11. ECC System Configurations 


ECC Mode: PDO=1 


aoeaeal — 

iAPX286(1) FAST RAM(1) M/S EDCU(0) 
iAPX286(1) FAST RAM(1) M EDCU(1) 
|APX286(1) 


RFS(PD4) EXT(PD10) FFS(PD11) 


iAPX286(1) FAST RAM(1) 
mare 
son ban 
——e 


iAPX186(0) SLOW RAM(0) M EDCU(1) 5 MHZ(0) 
iAPX186(0) FAST RAM(1) M EDCU(1) _ 5 MHZ(0) 
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Using the Timing Charts 


The notation used to indicate vend clock edge 
‘triggers an output transition is “nt” or “nt”, where 
“n” is the number of clock periods Tis have passed 
since clock 0, the reference clock, and “t” refers to 
rising edge and “} to falling edge. A clock period is 
defined as the interval from a clock falling edge to 
the following falling edge. Clock edges are defined 
as shown below. 


Saat races Sis n+1—s! 
1 


(nN—1)} nt nb (nt+1)t (n+1)! 


The clock edges which trigger transitions on each 
8207 output are tabulated in Table 12 for non-ECC 
mode, and Table 13 for ECC mode. “H” refers to the 
high-going transition, and “L” to low-going transi- 
tion; “V” refers to valid, and “V” to non-valid. 

Clock 0 is defined as the clock in which the 8207 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously but could not be 
serviced at the time of its arrival because the 8207 
was performing another memory cycle. Clock 0 may 
be identified externally by the leading edge of RAS. 
which is always triggered on 0}. 


Notes for interpreting the timing charts. 


1. PSEL - valid is given as the latest time it can 
occur. It is entirely possible for PSEL to become 
valid before the time given. In a refresh cycle, 
PSEL can switch as defined in the chart, but it 
has no bearing on the refresh cycle itself, but 
Only on a subsequent cycle for one of the 
external ports. 


2. LEN - low is given as the latest time it can occur. 
LEN is only activated by port Aconfigured in Fast 
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Cycle iAPX286 mode, and thus it is not activated 
by a refresh cycle, although it may be activated 
by port A during a refresh cycle. 


. ADDRESS - col is the time column address 


becomes valid. 


. Innon-ECC mode the CAS, EAACK, LAACK and 


XACK outputs are not issued during refresh. 


. In ECC mode there are really seven types of 


cycles: Read without error, read with error, full 
write, partial write without error, partial write with 
error, refresh without error, and refresh with er- 
ror. These cycles may be derived from the timing 
chart as follows: 


A. Read without error: Use row marked ‘RD, RF’. 


B. Read with error: Use row marked ‘RMW’, 
except for EAACK and LAACK, which should 
be taken from ‘RD, RF’. If the error is uncor- 
rectable, WE will not be issued. 


C. Full write: Use row marked ‘WR’. 


D. Partial write without error: Use tow marked 
‘RMW’, except that DBM and ESTB will not be 
issued. 


E. Partial write with error: Use row marked 
‘RMW’, except that DBM will not be issued. If 
the error is uncorrectable, WE will not be 
issued. 


F. Refresh without error: Use Use row marked ‘RD, 
RF’, except that ESTB, EAACK, LAACK, and 
XACK will not be issued. 


G. Refresh with error: Use row marked ‘RMW’ 
except that EAACK, LAACK, ESTB, and 
XACK will not be issued. If the error is 
uncorrectable WE will not be issued. 


. XACK - high is reset asynchronously by command 


going inactive and not by a clock edge. 


. MUX- valid is given as the latest time it can occur. 
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8207 


Table 13 A. Timing Chart — ECC Mode 
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Table 13 B. Timing Chart — ECC Mode 


[FOU anon ESTs [ERAGE [CAnER | HACK | WOK 
efor! v[v[e[wle[w[e [ule lw lv[y 
fro.arfofa| | [afs[a]e|w [ro|-a| a 
espa fate] [fas [e fafa 
— [eww [or [a [or [orf [ os [oe [osm walmas] or 
fmo.refo fa] | [afefa|e[a|ro|-al a 
c[ wa fofa| | [als [a|s| «wale a 
rauw [os [a [o[e [so [sr |e| 7 [wala] a 
orto fe | [alnfalr|s [aopala 
c.[ wa [ofa | | [e[o [fe]: fwalna| a 
Fw [0+ [ 3 [ot [sn] [ron] 7 [0] + [wala a 
ronrfo te | [«[nfole]s [aopala 
a wa total | fa 
avn oa [as [re] m [rox] 7 [0] os [wala] a 
Trorefo fa] | [ula [erfor[ar[rolula 
caf wa [ofa | | [w[o[er[arl a wala] a 
Tamm [os [a [or ler/o| sor | or] s fwalm] a 
o.nrfo fa] | [[«[a|sr| ot[aof-u]a 
c[ wa [ofa] | [wlafarlarlafwalmula 
fam ttt {feist 
C5 
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8207 — DRAM interface Parameter Equations =WRITE CYCLE 


Several DRAM parameters, but not all, are a direct tRC: guaranteed by tRWC. 
function of 8207 timings, and the equations for tRAS: guaranteed by tRRW. 
these parameters are given in the following tables. tCAS: guaranteed by tCRW, wars nd 
The following is a list of those DRAM parameters tWCS: WE always activated after CAS is acti- 
which have NOT been included in the following vated, except in memory initialization, 
tables, with an explanation for their exclusion. hence tWCS is always negative (this is 
important for RMW only) except in mem- 
e READ, WRITE, READ-MODIFY-WRITE & ory initialization; in memory initialization 
REFRESH CYCLES _ tWCSis positive and has several clocks of 
tRAC: response parameter. file et 
tCAC: response parameter. tDS: system-dependent parameter. 
tREF: See “Refresh Period Options” _  tDH:  system-dependent parameter. 


tCRP: must be met only if CAS-only cycles, tDHR: —system-dependent parameter. 


which do not occur with 8207, exist. 


tRAH: See “A.C. Characteristics” _READ-MODIFY-WRITE CYCLE , 
tRCD: See “A.C. Characteristics” tRWD: don’t care in 8207 write cycles, but tabu- 
tASC: See “A.C. Characteristics” lated for 8207 RMW cycles. 

tASR: See “A.C. Characteristics” tCWD: don’t care in 8207 write cycles, but tabu- 
tOFF: response parameter. lated for 8207 RMW cycles. 


READ & REFRESH CYCLES 


tRCH: WE always goes active after CAS goes 
active, hence tRCH is guaranteed by 
tCPN. 


Table 14. Non-ECC Mode - RD, RF Cycles 


| Fast Cycle Configurations | 
ee ee ee Notes 
| RP | STOLCL~T26 | aTCLCL—T26 | aTCLOL—T26| 2TCLCL—T26 | zTCLCL—T26| 1 _ 
2TCLCL—T34 


tRCS 2TCLCL—TCL | 2TCLCL—TCL 2TCLCL—TCL |1.5TCLCL—TCLI1.5TCLCL—TC 1 
—TS6-FBUF | —TS36—TBUF :| —136-TBUF.| =T36-TRUF 1] ~T36-TBUF 
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Table 12 A. Timing Chart — Non-ECC Mode 


eee Tien | mas | os | we 
SC So SaUNGRORRsio7 
nolo ta totelfolefolatolstefel | 
ee siete Tela lelet eile 
festa te totetetetets tote tate 

w fs] | folafols[ulslale 
mortfolsfolelolelolalolalnfel | 
Twa fola lols] | [olafols|uls fale 
nonrr[o [a folsfolslolalolsole| | 
“Twa fofafofal | lolfafol«lolslala 
fort[o [a otalolalolatolefolel | — 
“Twa totaal] | [olalolalolalala 


Table 12 B. Timing Chart — Non-ECC Mode 


Jeet noon] EAGK] TANCK] KAR] mux 
apart tat taht 
"Yao.ne| oo [a [w] «| ar | sr | os [Ao [pail ar 
rum torte bulal ala be [ol ala 
mo. RF| ov | fafsi[a [sa [AD |-a] a 
© Twa [oro [ula] ula [ot [well 
fo. aF| ovo fats [a fe] « [Ao|-a] a 
Twa fol [ula [w|« | o [wala] oF 
es rete Pode fff ead 


we ota fol ai tt ota WR 24 
Be Pe Oa hae 24 
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Table 15. Non-ECC Mode - WR Cycle 


Fast Cycle Configurations —_—— Slow Cycle Configurations fvate < 
| tRP | aTCLCL—T26 | sTcLCL—T26| 3TcLCL—T26| 2TCLCL-T26 | etcLcL-T26 | 1 | 3 


T2 

4TCLCL-T35 | 4TCLCL—T35| 4TCLCL—T35 | 2.5TCLCL—T35]2.5TCLCL—T35 

4TCLCL—T34 | 4TCLCL—T34| 4TCLCL—T34] 4TCLCL—-T34 } 4TCLCL-T34 
34 


g 
g 


Ee 


T 34 

4 
: 
__tRRW | STCLCL—T26 | STCLCL—T26| STCLCL—T26 | 4TCLCL-T26 | 4TCLCL-126_ 
4TCLCL—T34 | 4TCLCL-T34| 4TCLCL-T34 1 


1,3 


tWCH =| 8TCLCL+TCL| 3TCLCL+TCL| 3TCLCL+TCL] 3TCLCL+TCL| 3TCLCL+TCL ‘mee 
~T34 ~T34 ~T34 Lr ee Oe, eet wee 
¥ Oe Ps é 


weak 


: - _— 


pea 34 
~ twor | 4TCLCL+TCL| 4TCLCL+TCL| 4TCLOL+TCL 
QTCLCL+TCL | 2TCLCL+TCL| 2TCLCL+TCL 

| Fagg —~T36-TBUF | —T36—-TBUF ~TBUF —TBUF 
tRWL 3TCLCL—T36 | 3TCLCL-T36| 3TCLCL—T36 | 3TCLCL—TCL 
3 —TBUF | —TBUF —T36-TBUF | —T36—TBUF 
tCWL _| 3TCLCL—T36 | 3TCLCL—T36| 3TCLCL—T36 | 3TCLCL—TCL| 3TCLCL—TCL 
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Table 16 A. ECC Mode — RD, RF Cycles 


pee Sale eee fees ER 
4TCLCL=T26 

STCLCL-135| 1 
| tRSH | STCLCL-T34 | TCLCL—T34 | 4TCLCL-T34 | ATCLCL-T34 
TTCLCL=T26 
CAH 2TCLCL-T34 
STCLCL=126 
BE 


3/30 

STCLCL 
tRAS STCLCL-T26 

6TCLCL—T34 | 6BTCLCL—T34 


tRCS FCCCL—TS6: 1 ‘TCLOL—Ts6" |. ‘TCLOCL—-T36_|-- TCLCL- Tae 
~T BUF —TBUF =T BUF —T BUF | 


Table, 16 B. ECC Mode — RD, RF Cycles 


Siow Cycle Mode 
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Table 17 A. ECC Mode — WR Cycle 


mC Fast Cycle Mode 
| tRP__| STCLCL=T26 | STCLCL-T26 | STCLCL—T26 | 3TCLOL-T26 
34 


S5TCLCL—T34 | STCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 

5TCLCL—T34 | 5TCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 

6TCLCL—T26| 6TCLCL—T26 | 7TCLCL—T26 | 7TCLCL—T26. 
T 


26 
tWP 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 
—TBOPF —TBUF —TBUF —TBUF 
6 
36 


tRWL 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 
Saunt —TBUF —TBUF —TBUF —TBUF 

tCWL 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 
“Sees beens —~TBUF ~TBUF ~TBUF 


[Notes 
Ss 
ae 
ee 
ee 
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we e Parameters Cs re Notes 


Ee tRP 2TCLCL—T26 | 2TCLCL—T26 
- 2.5TCLCL—T35|2.5TCLCL—T35|2.5TCLCL—T35| 1 | 


2TCLCL—-T34 | 2TCLCL—T34 | 2TCLCL—T 


: 

75 STGECLET 

; T. T34 34 
T34 34 
T34 34 


35 
34 

26 4TcLcL—T26 | 1 
34 
26 


reroLcL-T28| 
ee 7 


oe | 3TCLCL-TCL | 3TCLCL-TCL | 3TCLCL—TCL 
Be | : —T36-TBUF | —T36—-TBUF 
ee 3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL—TCL 
Bes ~T36—-TBUF | —T36—TBUF | —T36-TBUF 


3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL—TCL 1 


—Ts6-TBUF | —TS6-TBUF | —TS6=TBUF 


- 


ee 
BS 


oe i 6-196 10463-0003 
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Table 18 A. ECC Mode — RMW 


Fast Cycle Mode 


STCLCL-T2 
1OTCLCL-T34 
HTCLCL~T2 
2TCLCL-T3 
STCLCL-T2 
3/30 
4TCLCL 
HTCLCL=T26 
10TCLCL—T34| 10TCLCL—T34 


iH 
al ee te ae ge oa o 
@ 
w 


tRCS TcLcL-T36 | TCLCL-T36 | TCLCL—T36 | TCLCL—T36 
ae ~TBUF ~TBUF —~TBUF —~TBUF | 
tRWD ‘| 6TCLCL—T26 | 6BTCLCL—T26 8TCLCL—T2 
5TCLCL—T34 | STCLCL-T34 | 7TCLCL—T34 | 7TCLCL—T34 
twP 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 
3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 
—~TBUF —~TBUF —~TBUF —~TBUF 
| towt ‘| a3tctci—T36 | 3tcct—T36 | 3TcLCL—136 | 3TCLCL—T36| 1 
oes ~TBUF —~TBUF —TBUF ~TBUF 


_ 


—_ 
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Table 18 B. ECC Mode — RMW 


inp | 2rouci-r26 | erouc. Te | 2roucL 28 


0.5TCLCL—T36|0.5TCLCL—T36|0.5TCLCL—T36 
tRWD «| ATCLCL+TCL| 4TCLCL+TCL| 2TCLCL+TCL 
4TCLCL+TCL| 4TCLCL+TCL | 2TCLCL+TCL 
3TCLCL—TCL| 3TCLCL-TCL | 3TCLCL—TCL 
3TCLCL—TCL | $TCLGL—-TOL 1. 
—T36-TBUF | —T36—-TBUF | —T36—TBUF 
tCWL 83TCLCL—TCL| 3TCLCL—TCL| 3TCLCL-TCL| 1 
ee Pe ~T36-TBUF | —T36—-TBUF | 


t 


1 
1 
1 


NOTES: 
. Minimum 
. Value on right is maximum; value on left is minimum. 
. Applies to the eight warm-up cycles during initialization only. 
. Applies to the eight warm-up cycles and to the memory initilization 
cycles during initialization only. 
. TP = TCLCL 
-T26 = TCLRSL 
T34 = TCLCSL 
T35 = TCLCSH 
T36 = TCLW 
TBUF = TTL Buffer delay 
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: 8208 
DYNAMIC RAM CONTROLLER 


@ O Wait State, 8 MHz iAPX 186, iAPX 
188, iAPX 86 and iAPX 88 Interface 


@ Provides all Signals necessary to 
Control 64K (2164A) and 256K 
Dynamic RAMs | 


@ Supports Synchronous or 
Asynchronous 
Microprocessor Interfaces 


@ Automatic RAM Initialiation 


ADVANCE INFORMATION 


Directly Addresses and Drives up to 
1 Megabyte without External Drivers 


Microprocessor Data Transfer and 
Advance Acknowledge Signals 


Four Programmable Refresh Modes 


+5 Volt Only HMOSII Technology for 
High Performance and Low Power 


The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controller 
that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other microcomputer systems. 
The 8208 is designed to easily interface to the iAPX 186, iAPX 188, iAPX 86, and the iAPX 88 by strapping 


the programming pin to logic 0. 


poten ts IQUEVED REQ? 
T 


tc GISTER| YEST BUS | 


DIRECT REQUEST BUS 


REFRESH 
RFROQ INTER- CONFIGU- 
FAC RATION 
DECODER 


CONFIGURATION BUS 
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Nes pee pov gel ed 
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RESET ————» 
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Figure 1. Block Diagram and Pinout Diagram 
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Table 1. Pin Description 


ADDRESS LOW: These lower order address inputs are used to generate the row address 
for the internal address multiplexer. 


BANK SELECT: This input is used to select one of the two banks of the dynamic RAM 
array as defined by the program-bit RB. 


ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These 
outputs drive the dynamic RAM array directly and need no external drivers. 


OOO0O00000 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
the row address, present on the AOO-8 pins. These outputs are selected by the BS pin 
as programmed by program-bit RB. These outputs drive the dynamic RAM array directly 
and need no external drivers. 


COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
latch the column address, present on the AO0-8 pins. These outputs are selected by the 
BS pin as programmed by program-bit RB. These outputs drive the dynamic RAM array 
directly and need no external drivers. 


RESET: This active high signal causes all internal counters to be reset and upon release 
of RESET, data appearing at the PDI pin is clocked-in by the PCLK output. The states 
of the PDI, PCTL and RFRQ pins are sampled by RESET going inactive and are used | 
: eearem seas An 8 cycle dynamic RAM warm-up is performed after clocking PDI 

its into the ; 


WRITE ENABLE/PROGRAMMING CLOCK: Eamed sey after a RESET this 
pin becomes PCLK and is used to clock serial programming data into the PDI pin. After 
the 8208 is programmed this active high signal provides the dynamic RAM array the write 
enable input for a write operation. 


Vcc 24 POWER: +5 Volts. 
48 POWER: +5 Volts. 


AACK/ ADVANCE eee adnate pte ACKNOWLEDGE: When the X programming bit | 
XACK is set to logic 0 this pin is AACK and indicates that the processor may continue process- 
ing and that data will be available when required. This signal is optimized for the system | 
by programming the S program-bit for synchronous or asynchronous operation. The S 
programming bit determines whether this strobe will be early or late. If another dynamic 
RAM cycle is in progress at the time of the new request, the AACK is delayed. When the 
X programming bit is set to logic 1 this pin is and indicates that data on the bus 


is valid during a read cycle or that data may be removed from the bus during a write cy- 
cle. XACK is a MULTIBUS compatible signal. 


PCTL 7 iia PORT CONTROL: This pin is sampled on the falling edge of RESET. It configures the 
8208 to accept command inputs or processor status inputs. If PCTL is low after RESET 
the 8208 is programmed to accept bus command inputs. If PCTL is high after RESET 
the 8208 is programmed to accept status inputs from iAPX 86 or iAPX 186 type processors. 
The §2 status line should be connected to this input if programmed to accept iAPX 86 
or iAPX 186 status inputs. When programmed to accept bus commands it should be tied 

low or it may be connected to INHIBIT when operating with MULTIBUS. 
PORT ENABLE: This pin serves to enable a RAM cycle request. It is generally decoded 
from the address bus. 
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Table 1. Pin Description (Continued) 


|__Symbot_ | Pin_|Type Name and Function 
WRITE: This pin is the write memory request command input. This input also directly ac- 
cepts the SO status line from Intel processors. 4 
READ: This pin is the read memory request command input. This input also directly ac- 
cepts the $1 status line from Intel processors. 
BREE Gs Poo8te: pes CLOCK: This input provides the basic timing for sequencing the internal logic 
REFRESH REQUEST: This input is sampled on the falling edge of RESET. If RFRQ is 
high at RESET then the 8208 is programmed for internal-refresh request or extemal-refresh | - 
request with failsafe protection. If RFRQ is low at RESET then the 8208 is programmed | 
for external-refresh without failsafe protection or burst-refresh. Once programmed the 


RFRQ pin accepts signals to start an external-refresh with failsafe protection or external- 
refresh without failsafe protection or a burst-refresh. 


PROGRAM DATA INPUT: This input is sampled by RESET going low. It programs the 
various user selectable options in the 8208. The PCLK pin shifts programming data into |} 
the PDI input from an external shift register. This pin may be strapped low to a default 
iAPX 186 (PDi=Low) mode configuration. | 


ADDRESS HIGH: These higher order address inputs are used to generate the column 
address for the internal address multiplexer. 
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GENERAL DESCRIPTION 


The Intel 8208 Dynamic RAM Controller is a. 
microcomputer peripheral device which provides the 
necessary signals to address, refresh and directly 
drive 64K and 256K dynamic RAMs. 


The 8208 supports several microprocessor interface 
options including synchronous and asynchronous 
operations for iAPX 86, iAPX 186, iAPX 188 and 
-MULTIBUS. 


FUNCTIONAL DESCRIPTION 


Processor Interface. 


The 8208 has control circuitry capable of supporting 
one of several possible bus structures. The 8208 may 
be programmed to run synchronous or asynchronous 
to the processor clock. (See Synchronous/Asyn- 
chronous Mode) The 8208 has been optimized to run 
synchronously with Intel’s iAPX 86, iAPX 88, iAPX 


Synchronous-Command Interface 


186 and iAPX 188. When the 8208 is programmed 
to run in asynchronous mode, the 8208 inserts the 
necessary synchronization circuitry for the RD, WR, 
PE, and PCTL inputs. 


The 8208 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 


_ iAPX 86, iAPX 88, iAPX 186 and the iAPX 188. The 


8208 can also be programmed to receive read or write 
MULTIBUS commands or commands from a bus con- 
troller. (See Status/Command Mode) 


The 8208 may be programmed to accept the clock 


of the iAPX 86, iAPX 88, iAPX 186 or 188. The 8208 


adjusts its internal timing to allow for different clock 
frequencies of these microprocessors. (See 
Microprocessor Clock Frequency Option) 


Figure 2 shows the different processor interfaces to 
the 8208 using the synchronous or asynchronous 
mode and status or command interface. 


$1 


2a US 
a S2 CONTROLLER: 
a ALE 


LATCH 


ADDRESS} 
DECODE 


Asynchronous-Status Interface . 


8086/ 
80186 


ADDR 


Asynchronous-Command Interface 


Figure 2. Interfaces Supported by the 8208. 
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Dynamic RAM interface 


The 8208 is capable of addressing 64K and 256K 
dynamic RAMs. Figure 3 shows the connection of the 
processor address bus to the 8208 using the different 
RAMs. The 8208 directly supports the 2164A RAM 
family or any RAM with similar timing requirements 
and responses. 


256K RAM 


INTERFACE INTERFACE 


NOTES: 


1.'Unassigned address input pins should be strapped 
high or low. 

2.A0 along with BHE are used to select a byte within 
a processor word. 

3.Low order address bit is used as a bank select 
input so that consecutive memory access requests 
are to alternate banks allowing bank interleaving 
of memory cycles. 


Figure 3. Processor Address Interface to the 
8208 Using 64K, and 256K, RAMS 


The 8208 divides memory into two banks, each bank 
having its own Row (RAS) and Column (CAS) 
- Address Strobe pair. This organization permits RAM 
cycle interleaving. RAM cycle interleaving overlaps 
the start of the next RAM cycle with the RAM 
precharge period of the previous cycle. Hiding the 
precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes 
memory bandwidth and is effective as long as suc- 
cessive RAM cycles occur in the alternate banks. 


Successive data access to the same bank cause the 
8208 to wait for the precharge time of the previous 
RAM cycle. But when the 8208 is programmed in an 
iAPX 186 synchronous configuration consecutive read 
cycles to the same bank does not result in additional 
wait states (i.e. O wait state reads result). — 
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If not all RAM banks are occupied, the 8208 reassigns 
the RAS and CAS strobes to allow using wider data 
words without increasing the loading on the RAS and 
CAS drivers. Table 2 shows the bank selection 
decoding and the horizontal word expansion, in- 
cluding and CAS assignments. For example, if 
only one RAM bank is occupied, then the two RAS’ 
and CAS strobes are activated with the same timing. 


Table 2. Bank Selection Decoding 
and Word Expansion 


Program | Bank 
Bit input 8208 
RB BS RAS/CAS Pair Allocation 


Program bit RB is not used to check the bank select 
input BS. The system design must protect from 
accesses to “‘illegal’’, non-existent banks of memory 


by deactivating the PE input when addressing an 
‘illegal’, non-existent bank of memory. 


The 8208 adjusts and optimizes internal timings for 
either the fast or slow RAMs as programmed. (See 
RAM Speed Option) 


Memory Initialization | 


After programming, the 8208 performs eight RAM 
‘‘wake-up’’ cycles to prepare the dynamic RAM for 
proper device operation (during ‘‘warm-up’’ some 
RAM interface parameters may not be met, this 
should cause no harm to the dynamic RAM array). 


Refresh 


The 8208 provides an internal refresh interval counter 
and a refresh address counter to allow the 8208 to 
refresh memory. The 8208 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be supported. 
In addition, there exists the ability to refresh 256 row 
address locations every 2 milliseconds via the Refresh 
Period programming option. 


The 8208 may be programmed for any of five different 
refresh options: Internal refresh only, External refresh 
with failsafe protection, External refresh without 
failsafe protection, Burst Refresh modes, or no 
refresh. (See Refresh Options) 


8208 
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It is possible to decrease the refresh time interval by. 


10% 20% or 30%. This option allows the 8208 to com- 
pensate for reduced clock frequencies. Note that an 
additional 5% interval shortening is built-in in all refresh 
interval options to compensate for clock variations and 
non-immediate response to the internally generated 
refresh request. (See Refresh Period Options) 


External Refresh Requests after RESET 


External refresh requests are not recognized by the 
8208 until after it is finished programming and prepar- 
ing memory for access. Memory preparation includes 
8 RAM cycies to prepare and ensure proper dynamic 
RAM operation. The time it takes for the 8208 to 
recognize a request is shown below. 


eq. 8208 System Response: TRESP = PROG + TPREP 
where: TPROG = (40) (TCLCL) which is programming 
time 
TPREP = (8) (32) (TCLCL) which is the RAM 
warm-up time 
if TCLCL = 125 ns then TRESP = 37 us 


Reset 


RESET is an asynchronous input, the falling edge of 

‘which is used by the 8208 to directly sample the logic 
levels of the PCTL, RFRQ, and PDI inputs. The 
internally synchronized falling edge of reset is used 
to begin programming operations (shifting in the 
contents of the external shift register, if needed, into 
the PDi input). 


Differentiated reset is unnecessary when the default 
synchronization programming is used. (S=0) 


Until programming is complete the 8208 registers but - 


does not respond to command or status inputs. A 
simple means of preventing commands or status from 
occurring during this period is to differentiate the 
system reset pulse to obtain a smaller reset pulse for 
the 8208. The total time of the 8208 reset pulse and 
the 8208 programming time must be less than the 
time before the first command the CPU issues in 
systems that alter the default port synchronization 
programming bit (default is synchronous interface). 


The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8208. The differentiated reset 
pulse first resets the 8208, and system reset would 
reset the rest of the system. While the rest of the 
system is still in reset, the 8208 completes its 
programming. Figure 4 illustrates a circuit to ac- 
complish this task. 


6-204 


SYSTEM 3 
$208: et 
reser [ | 


t, PROGRAMMING TIME OF 8208 


DIFFERENTIATED RESET 


NOTES: 


1. Required only when the port synchronization op- 
tion(s) is altered from its initial default value. 

2. Voc must be stable before system reset is ac- 

tivated when using this circuit. 


Figure 4. 8208 Differentiated Reset Circuit 


Within four clocks after RESET goes active, all the 
8208 outputs will go high, except for AO0-2, which. 
will go low. 


OPERATIONAL DESCRIPTION 
Programming the 8208. 


The 8208 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of RESET 
actually performs the latching, which means that the 
logic levels on these inputs must be stable prior to 
that time. The inputs whose logic levels are latched 
at the end of reset are the PCTL, REFRQ, and PDI 
pins. 


Status/Command Mode 


The processor port of the 8208 is configured by the 
states of the PCTL pin. Which interface is selected 
depends on the state of the PCTL pin at the end of 
reset. If PCTL is high at the end of reset, the 80186 
Status interface is selected; if it is low, then the 
MULTIBUS or Command interface is selected. 


There exist two interface configurations, one for 
MULTIBUS memory commands, which is called the 
Command interface, and one for 8086, 8088, 80186 
or 80188 status, called the 80186 Status interface. 
The Command interface also directly interfaces to the 
command lines of the bus controllers for the 8086, 
8088. | 
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The 80186 Status interface allows direct decoding of 
the status lines for the iAPX 86, iAPX 88, iAPX 186 
and the iAPX 188. Table 3 shows how the status lines 
are decoded. Microprocessor bus controller read or 
write commands or MULTIBUS commands can also 
be directed to the 8208 when in Command mode. 


Table 3. 8208 Response 
[8208 Command [ Function 
ol. 8086/80186 | Multibus or 
Status Command 
—|PCTL Interface Interface 
| 0 | 0 | 0 | IGNORE | IGNORE 
| o | 0 | 1 | IGNORE | READ 
Po [+ | o | iGNone | ware 
e [+ | 1 | ienone | iGNore 
[a [o | o | AeAD | IGNORE 
Pa fo [4 | re | nwer 


Refresh Options 


Immediately after system reset, the state of the | 


REFRQ input pin is examined. If REFRQ is high, the 
8208 provides the user with the choice between self- 
_ refresh and user-generated refresh with failsafe 
protection. Failsafe protection guarantees that if the 
user does not come back with another refresh request 
before the internal refresh interval counter times out, 
a refresh request will be automatically generated. If 
the REFRQ pin is low immediately after a reset, then 
the user has the choice of a single external refresh 
cycle without failsafe, burst refresh or no refresh. 


internal Refresh Only 


For the 8208 to generate internal refresh requests, 
it is necessary only to strap the REFRQ input pin high. 


External Refresh with Failsafe 


To allow user-generated refresh requests with failsafe 
protection, it is necessary to hold the REFRQ input 
high until after reset. Thereafter, a low-to-high transi- 
tion on this input causes a refresh request to be 
generated and the internal refresh interval counter 
to be reset. A high-to-low transition has no effect on 
the 8208. A refresh request is not recognized until 
a previous request has been serviced. 


i 


so [ware Pn | 


External Refresh without Failsafe 


To generate single external refresh requests without 
failsafe protection, it is necessary to hold REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period will cause a refresh request to be 
generated. A refresh request is not recognized until 
a previous request has been serviced. 


Burst Refresh 


Burst refresh is implemented through the same 


procedure as a single external refresh without failsafe 
(i.e., REFRQ is kept low until after reset). Thereafter, 
bringing REFRQ high for at least two clock periods 
will cause a burst of up to 128 row address locations 
to be refreshed. Any refresh request is not recogniz- 
ed until a previous request has been serviced (i.e. 
burst is completed). 


No Refresh 


It is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refresh is accomplished by 
keeping REFRQ low. 


Option Program Data Word 


The program data word consists of 9 program data 
bits, PDO-PD8. If the first program data bit, PDO is 
set to logic 0, the 8208 is configured to support iAPX 
186, 188, 86, or 88 systems. The remaining bits, 
PD1-PD8, may then be programmed to optimize a 
selected system configuration. A default of all zeros 
in the remaining program bits optimizes the 8208 
timing for 8 MHz Intel CPUs using 150 nS (or faster) 
dynamic RAMs with no performance penalty. Figure 
5 shows the various options that can be Piecianined 
into the 8208. 


Using an External Shift Register 


The 8208 may be programmed by using an external 
shift register with asynchronous load:capability such 
as a 74LS165. The reset pulse serves to parallel load 
the shift register and the 8208 supplies the clocking 
signal (PCLK) to shift the data into the PDI program- 
ming pin. Figure 6 shows a sample circuit diagram 
of an external shift register circuit. 


Serial data is shifted into the 8208 via the PDI pin (33), 
and clock is provided by the WE/PCLK pin (23), which 
generates a total of 9 clock pulses. After program- 


-ming is complete, data appearing at the input of the 


PDI pin is ignored. WE/PCLK is a dual function pin. 
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During programming, it serves to clock the external 

shift register, and after programming is completed, 

it reverts to the write enable RAM control output pin. 

As the pin changes state to provide the write enable 

signal to the dynamic RAM array, it continues to clock 

the shift register. This does not present a problem 

because data at the PDI pin is ignored after program- 
ming. Figure 7 illustrates the timing requirements of 

the shift register. 


PD8 PD7 PDO 


POLARITY/FUNCTION 


MUST BE ZERO 


S = 0 SYNCHRONOUS 
S = 1 ASYNCHRONOUS 


RFS RFS = 0 FAST RAM 
RFS = 1 SLOW RAM 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD4 COUNT INTERVAL BIT 1; SEE TABLE 6 


PD5 COUNT INTERVAL BIT 0; SEE TABLE 6 


PLS = 0 LONG REFRESH PERIOD 
PLS = 1 SHORT REFRESH PERIOD 


FFS = 0 FAST CPU FREQUENCY 
FFS = 1 SLOW CPU FREQUENCY 


NOTES: - 


TRTVCL 
TPGVCL 
TCLPC 
TLOAD 
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Default Programming Options 


After reset, the 8208 serially shifts in a program data 
word via the PDI pin. This pin may be strapped low, 
or connected to an external shift register. Strapping 
PDI low causes the 8208 to default to the iAPX 186 
system configuration. Table 4 shows the character- 
istics of the default configuration. If further system 
flexibility is needed, one external shift register, like 
a 74LS165, can be used to tailor the 8208 to its 
operating environment. Figure 8 illustrates an iAPX 
186 and 8208 system. 


Table 4. Programming, PDI Pin Tied to Ground. 


Synchronous 80186 interface 


Refresh interval uses 118 clocks 


128 row refresh in 2 ms; 256 row refresh 
in 4 ms 


Advanced ACK strobe 


NOTE: 


1. For iAPX 186 systems either slow or fast (150 or 100 ns) 
RAMS are ok to use. 


— Reset is an asynchronous input, if reset occurs before TRTVCL, then it is guaranteed to be recognized. 
— Minimum PDI valid time prior to reset going low. 

— MUX/PCLK delay. - 

— Asynchronous load data propagation delay. 


Figure 6. Timing Illustrating External Shift Register Requirements for Programming the 8208. 
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Figure 8. 8208 Interface to an 80186 — 
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+ fia ghetdegs Mg eldest Mode 
(S program bit) 


The 8208 may be independently configured to accept 
synchronous or asynchronous commands (RD, WR, 
PCTL) and Port Enable (PE) via the S program bit. 
The state of the S programming bit determines 
whether the interface is synchronous or 
~ asynchronous. 


While the 8208 may be configured with either the 
80186 Status or Command (MULTIBUS) interface in 
the Synchronous mode, certain restrictions exist in 
the Asynchronous mode. An Asynchronous-Command 
interface using the control lines of the MULTIBUS is 
supported, and an Asynchronous-80186 Status inter- 
face using the status lines of the 80186 is supported, 
with the use of TTL gates as illustrated in Figure 2. 
In the 80186 case, the TTL gates are needed to 
guarantee that status does not appear at the 8208's 
inputs too much before address, so that a cycle would 
start before address was valid. 


Microprocessor Clock Cycle Option 
(CFS and FFS program bits 


. The 8208 can be programmed to interface with 
microprocessors with slow cycle microprocessors like 
the 8086, 8088, 80186, and 80188 cycle timing. The 
CFS bit configures the microprocessor interface to 
accept signals from either microprocessor group or 
commands from MULTIBUS. The CFS programming 
bit must be programmed to logic 0. 


The FFS option is used to select the speed of the 
microprocessor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. The external clock frequency must be 
programmed so that the failsafe refresh repetition 
Circuitry can adjust its internal timing accordingly to 
produce a refresh request as programmed. 


Table 5. Microprocessor Clock 
Frequency Options. 


Program Bits 
Frequency 


| CFS | FFS | 
To | 0 | wexosenres | sume 
Te [oa [meas 086 oie 


RAM Speed Option (RFS program bit) 


The RAM Speed programming option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slow is measured 
relative to the 2118-10 (Fast) or the 2118-15 (Slow) 
RAM specifications. | 


Refresh Period Options 
(ClO Cl1 and PLS program bits) 


The 8208 refreshes with either 128 rows every 2 
milliseconds or the 256 rows every 4 milliseconds. 
This translates to one refresh cycle being executed 
approximately once every 15.6 microseconds. This 
rate can be changed to 256 rows every 2 milliseconds 
or a refresh approximately once every 7.8 micro- 
seconds via the Period Long/Short, program bit PLS, 
programming option. 


The Count Interval 0 (CI0) and Count Interval 1 (CI1) 
programming options allow the rate at which refresh 
requests are generated to be increased in order to 
permit refresh requests to be generated close to the 
15.6 or 7.8 microsecond period when the 8208 is 
operating at reduced frequencies. The interval bet- 
ween refreshes is decreased by 0%, 10%, 20%, or 
30% as a function of how the count interval bits are 
programmed. A 5% guardband is built-in to allow for 
any clock frequency variations. Table 6 shows the 
refresh period options available. 


Table 6. Refresh Count Interval Table 
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The numbers tabulated under Count Interval repre- 
sent the number of clock periods between internal 
refresh requests. The percentages in parentheses 
represent the decrease in the interval between refresh 
requests. Note that all intervals have a built-in 5% 
(approximately) safety factor to compensate for minor 
clock frequency deviations and non-immediate 
response to internal refresh requests. 


Processor Timing 


In order to run without wait states, AACK must be 
used and connected to the SRDY input of the 
appropriate bus controller. AACK is issued relative 
to a point within the RAM cycle and has no fixed rela- 
tionship to the processor’s request. The timing is 
such, however, that the processor will run without wait 
states, barring refresh cycles, and bank precharge. 
In slow cycle, fast RAM configurations (8086, 80186), 

‘is issued on the same same clock cycle that 
issues RAS. 


Port Enable (PE) set-up time requirements depend 
on whether the 8208 is configured for synchronous 
or asynchronous, fast or slow cycle operation. In a 
synchronous fast cycle configuration, PE is required 
to be set-up to the same clock edge as the com- 
mands. If PE is true (low), a RAM cycle is started; if 
not, the cycle is aborted. 


In asynchronous operation, PE is required to be set- 
up to the same clock edge as the internally syn- 
chronized status or commands. Externally, this allows 
the internal synchronization delay to be added to the 
status (or command) -to-PE delay time, thus allow- 
ing for more external decode time than is available 
in synchronous operation. 


The minimum synchronization delay is the additional 
amount that PE must be held valid. If PE is not held 
valid for the maximum synchronization delay time, it 
is possibie that PE will go invalid prior to the status 
or command being synchronized. In such a case the 
8208 aborts the cycle. If a memory cycle intended for 
the 8208 is aborted, then no acknowledge (AACK or 
XACK) is issued and the processor locks up in endless 
_ wait states. 


Memory Acknowledge (AACK, XACK) 


Two type of memory acknowledge signals are sup- 
plied by the 8208. They are the Advanced 
Acknowledge strobe (AACK) and the Transfer 
Acknowledge strobe (XACK). The S programming bit 
optimizes AACK for synchronous operation (“‘early”’ 
AACK) or asynchronous operation (‘‘late’” AACK). 
Both the early and late AACK strobes are two clocks 
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long. The XACK strobe is asserted when data is valid 
(for reads) or when data may be removed (for writes) 
and meets the MULTIBUS requirements. XACK is 
removed asynchronously by the command going 
inactive. 


Since in a asynchronous operation the 8208 removes 
read data before late AACK or is recognized 
by the CPU, the user must provide for data latching 
in the system until the CPU reads the data. In syn- 
chronous operation data latching is unnecessary, 
since the 8208 will not remove data until the CPU has 
read it. , 


lf the X programming bit is high, the strobe is con- 
figured as XACK, while if the bit is low, the strobe is 
configured as AACK. 


Data will always be valid a fixed time after the 
occurrence of the advanced acknowledge. Thus, the 
advanced acknowledge may also serve as a RAM 
cycle timing indicator. 


General System Considerations 


The RASO,1, CASO,1 and AOO-8 output buffers are 
designed to directly drive the heavy capacitive loads 
associated with dynamic RAM arrays. To keep the 
RAM driver outputs from ringing excessively in the 
system environment it is necessary to match the 
output impedance with the RAM array by using series 
resistors. Each application may have different im- 
pedance characteristics and may require different 


_ series resistance values. The series resistance values 


should be determined for each application. 


Using the Timing Charts 


The notation used to indicate which clock edge 
triggers an output transition is “‘nt’ or ’’n¥’, where 
‘‘n’’ is the number of clock periods that have passed 
since clock 0, the reference clock, and ‘‘t”’ refers to 
rising edge and ‘‘Y’’ to falling edge. A clock period 


is defined as the interval from a clock falling edge to 


the follwoing falling edge. Clock edges are defined 
as shown below. 


— n olen — | 


Cea of Ma 6 nt} (n+1)t (n+1)! 
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The clock edges which trigger transitions on each 
8208 output are tabulated in Table 7. ‘‘H’’ refers to 
the high-going transition, and “‘L’”’ to low-going tran- 
sition; ‘V refers to valid, and “‘V”’ to non valid. 

Clock 0 is defined as the clock in which the 8208 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously but could not be 
serviced at the time of its arrival because the 8208 
was performing another memory cycle, Clock 0 may 


be identified externally by the leading edge of RAS, 
which is always triggered on OV. 


NOTES FOR INTERPRETING THE TIMING CHARTS: 

1. COLUMN ADDRESS is the time column address 
becomes valid. 

2. The CAS, EAACK, LAACK and XACK outputs are not 
issued during refresh. 

3. XACK - high is reset asynchronously by command go- 
ing inactive and not be a clock edge. 


Table 7. Timing Chart. | 


COLUMN 
ADDRESS 


ca 


8208—DRAM Interface Parameter Equations 


Several DRAM parameters, but not all, are a direct 
function of 8208 timings, and the equations for these 
parameters are given in the following tables. The 
following is a list of those DRAM parameters which 
have NOT been included in the following tables, with 
an explanation for their exclusion. 


READ, WRITE 
REFRESH CYCLES 


tRAC: response parameter. 


tCAC: response parameter. 
tREF: See ‘‘Refresh Period Options’’. 
tCRP: must be met only if CAS-only cycles, 
which do not occur with 8208, exist. 
tRAH: See ‘A.C. Characteristics” 
tRCD: See ‘A.C. Characteristics” 
tASC: See ‘‘A.C. Characteristics’ 
tASR: See ‘A.C. Characteristics”’ 
tOFF: response parameter. 
WRITE CYCLE 


tDS: system-dependent parameter. 
tDH: system-dependent parameter. 
tDHR: system-dependent parameter. 


_ NOTES: 


1. Minimum. 
2. Value on right is maximum; value on left is minimum. 


3. Applies to the eight warm-up cycles during initialization 


only. 
4. TP = TCLCL T35 = TCLCSH 
T26 = TCLRSL T36 = TCLW 
T34 = TCLCSL TBUF = TTL buffer delay 
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Table 8. RD, RF & WR Cycles 


Parameter . 
tCPN 
tCSH 
tCAH 

TE eee ee ee 
tR 
tRAS |g ANGRCt ee” 
(CAS ; 


1.5TCLCL—TCL—T36—TBUF 
0.5TCLCL—T34 
WR Cycles 
2TCLCL—T26 


tRCS 
tRCH 
Parameter 


1 


Notes 


| 1.STCLCL—TCL—T36—TBUF | 1 

| OSTCLOL-T34 | ts 

| WR Cycles | Notes 

ae BCU TG: 8 eS ee 

(CPN. |S 2. BTCLOL 136: = yt 
tRSH 
tCSH 
tCAH_ | Ss acLci—T3a_ | 
(AR | STCLOL—126 ts 
ee ES ET = 
(RC nt BTBERE | ee) 
tRAS 
(CAS) | TGLOL= Th 
tWCR “\ “ATCEBL.~T26 BESS 
twP 


TeLcL—T36—TeuF_ | 
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Intel 8208 ADVANCE INFORMATION 


ABSOLUTE MAXIMUM RATINGS | as oes 


Ambient Temperature NOTICE: Stress above those listed under “Absolute ee 
SRS ooh 0 oc dole e Keates 0°C to +70°C Maximum Ratings” may cause permanent damage ee: 
Storage Temperature.......... <65°C to + 150°C to the device. This is a stress rating only and ge 
Voltage On Any Pin With functional operation of the device at these or any 
PresmecttO GYOUNG oi. 1. esses = OVO ser V other conditions above those indicated in the. 
Per NSSIDANONs 6s 55a esc ce tats cca ans 2 Watts operational sections of this specification is not 


implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


| 


RAM Output 
Low Voltage 


RAM Output 
High Voltage 


Input Leakage Current 
Vy Clock Input 
i Low Voltage 


Clock Input 


Ver High Voltage 


NOTES: 
1. lo. = 8 MA and lon = -0.2 mA (typically lo. = 10 MA and lon = -0.25mA) 


A.C. Testing Load Circuit A.C. Testing Input, Output Waveform eS 


A.C. Testing inputs (except clock) are driven at 
oan 2.4V for a logic ‘‘1’’ and 0.45V for a logic ‘‘0” 
RRAS =392 - CRAS = (clock is driven at 4.0V and 0.45V for logic ‘1° 
RCAS =39Q CCAS = and “0” respectively). Timing measurements are ; 
RAO = 220. CAO = made at 2.0V, 2.4V for logic ‘‘1” and 0.8 V for logic ae 
RL = 390 os “or. Ses 
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A.C. CHARACTISTICS (Iq = 0 to 70 C ic = +5V + 5%) 


Measurements made with respect to RASO, 1, CASO. 1, AO0-8 are at 2.4V and 0.8 V. All other pins are 
measured at 2.0V and 0.8V. All times in nsec unless otherwise indicated. AC testing done with specified 
test load. 

CLOCK AND PROGRAMMING 

8208 


Clock Low Time TCLCL/2-12 


Clock High Time TCLCU3 


Reset to CLK+ Setup pee eee 
4 TCLCL 


to RESETS Setup 


TCLCU3 
4 TCLCL 


PCTI, RFRQ 
to RESET} Hoid 


bees 
PCLK from CLKiDeay | | es esate | 


SYNCHRONOUS .P INTERFACE 

aa a 
TO CLKt Setup 
to CLK+ Hold 


TPEVCL PE to CLK+ Setup 


ASYNCHRONOUS iP INTERFACE 


TAWVEL Pee 
[7s [TAWL [RO WA Puss wien | eroucie| —__—_—_—*| aTOLCL +0. 
[76 [TRWLPEV [PE rom RO, WA: Deay [| rece | ‘| routs 
7 [FRWEPEX | PEW RD, Wr vos | eTOLGew | ———SC*d CLL 
[ie [TAwirr [Pov tom RO, WR Doay |__| —Youeiso | 
fe [raworrx [Perio RD WRired | avclcivso | _—_—_—‘f avai veo, 


RAM INTERFACE : 


55+tASR 


35 +tASR 


TCLCL/2-25 
75 


Row AO to RAS} Hold TCLCL/4-10 


‘ Loageeey 
(See DRAM Interface Tables) Pe eee yo 
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A.C. CHARACTERISTICS (Continued) 
RAM Interface (Continued) 


: 8208S 8208-5 ee 
Parameter [win Max [Wins Max | Units | Notes 


[a [Foust [CAitoncikiboay | Tooue [Feuowiexse | Toca [racer | os |_| 
[so [rower [emi roncicoey [| | Td TY 
[at [retwn [wet tom cut Day | Teteua | Toteune+ss | Tovoue | Tole e+78 
[se [row | wetton cote [iY dT 
[as | TerTid[ RACK fom CU ooay [iY 
[ae mWLTKGG | RAR fom FWA Obey | 
[ae | otaK [AAO om CLK Dy | 
[36 | FotaKt [ARR fom Ou Oey [ 
see 8 
cee 


REFRESH REQUEST 


[38 [TFRPH [Faisal AFR Pulse Wie | TOLOL +20 
TRFXCL Single RFRQ inactive 
So eaeem | 


41 | TBRFH Burst RFRQ Pulse Width 2TCLCL +30 


proceso [i | |. 


NOTES: 

1. RESET is internally synchronized to CLK. Hence a set-up time is 
required only to guarantee its recognition at a particular clock edge. 

2. The first programming bit (PDO) is also sampled by RESET going low. 

3. TCLPDX is guaranteed if programming data is shifted using PCLK. 

4. tASR is a user specified parameter and its value should be added 
accordingly to TAVCL. 

5. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns. 

6. When programmed in Slow Cycle mode and 200 ns < TCLCL. 

7. Specification for Test Load Conditions. - 

8. tRCD (actual) = tRCD (specification) + 0.06 (ACRas) — 0.06 (ACcas) 


where AC = C (test load) — C (actual) in pF. 

9. tRAH (actual) = tRAH (specification) + 0.06 (ACRas). — 0.022 (ACao) 
where AC = C (test load) — C (actual) in pF. 

10. tASR (actual) = tASR (specification) + 0.06 (ACao) — 0.025 (ACRa~s) 
where AC =.C (test load) — C (actual) in pF. 


11. tASC (actual) = tASC (specification) + 0.06 (ACag) — 0.025 (ACcas) 
where AC = C (test load) — C (actual) in pF. 
12. tASC is a function of clock frequency and thus varies with changes 
in frequency. A minimum value is specified. 
13. See 8208 DRAM Interface Tables. 
14. TFRFH and TBRFH pertain to asynchronous operation only. 
a3 15. Single RFRQ cannot be supplied asynchronously. 
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WAVEFORMS 
Clock and Programming Timings 


~ 
/ 


A 
OF, 
y; i @: 
(6)_ 2 
Yr mony sem spe og 
REFRESH MOD 


WE /PCLK 7 
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PROGRAMMING LAST RAM WARM-UP 


FIRST RAM WARM-UP CYCLE | | 
' ' ee 
NOTE: 

The present example assumes a RAS four clocks long. 


RESET 


Synchronous Port Interface 
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SLOW CYCLE 
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PCTL 
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WAVEFORMS (Continued) 


Asynchronous Port interface 


CLK 


SLOW CYCLE 
RD, WR 


SLOW CYCLE 
PE 


\ 


SLOW CYCLE 
PCTL 


INTERNAL 
CYCLE REQUEST 


Refresh Request Timing 


FAILSAFE REFESH 
REQUEST _ 


SINGLE REFESH 
REQUEST 


BURST REFRESH 
REQUEST 
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RAM Interface Timing 
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Dashed waveform indicates that either clock edge may cause the signal transition 
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CHAPTER 1 
INTRODUCTION 


This guide is a supplement to the 8207 Data Sheet! and is intended as a design aid and not a stand- 
alone description of the 8207. The reader should already have read and have a copy of the 8207 Data 
Sheet, 8206 Error Detection and Correction Unit Data Sheet (EDCU), a microprocessor Data Sheet, 
‘or a Multibus bus specification for interfacing to the 8207, and a dynamic RAM Data Sheet“. 


The Intel 8207 Advanced Dynamic RAM Controller is a high performance, highly integrated device 
designed to interface 16k, 64k, and 256k dynamic RAMS to Intel microprocessors. The 8207, with 
the 8206, provides complete control for memory initialization, error correction, and automatic error 
scrubbing. 


The 8207 has several speed selected versions. The standard part is specified for clock speeds up to 
16 MHz in ‘‘fast cycle’’ configurations, and up to 8 Mhz in ‘‘slow cycle’’ configurations. The -2 part 
can only be used in slow cycle configurations up to 8 Mhz. The -S is limited to slow cycle con- 
figurations of 5 MHz or less and, as a result, has some relaxed A.C. timings. 


NOTE: 

(1) The most current Data Sheet is dated July, 1983 

(2) All RAM cycle timings and references are based on Intel’s 2164A Dynamic RAMs, APR ’82 
Data Sheet. 
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CHAPTER 2 
PROGRAMMING THE 8207 


The many configurations of bus structures, RAM speeds, and system requirements that the 8207 
supports require the 8207 to be programmable. The 8207 will modify its outputs to provide the best 
performance possible. The 8207 must be told what type of interface the memory commands will 
arrive on, what type of RAM (speed, refresh rate) is being used, the clock rate, and others. 


The 8207 uses two means to be informed of the user’s requirements. It reads in a 16 bit serial program 
word and examines the logic states on several input pins. The pins that are sampled for a logic level 
give the user options on the types of refresh and memory command input timing. 


Input Pin Options 


The three input pins that configure part of the 8207 are: PCTLA, PCTLB, and REFRQ. Let’s 
examine the options in refresh types the REFRQ pin provides. 


Refresh types: 
The 8207 gives the user a choice of the following refresh types. 


1) Internal Refresh: All refresh cycles are generated internally — based on an internal 
programmable time. 


2) External Refresh with Failsafe: If the external logic does not generate a refresh cycle within 
the programmed period, the 8207 will. 


3) External Refresh - No Failsafe or No Refresh; All refresh cycles are generated at times 
by the user. This is for systems that cannot tolerate the random delay imposed by refresh 
(i.e. graphics memory). 


4) Burst Refresh: The 8207 generates up to 128 consecutive refresh cycles and must be requested 
by external logic. Memory requests will be performed when the burst is completed. 


_ The 8207 examines the state of the REFRQ pin when RESET goes inactive. This timing is shown in 
the ‘‘Clock and Programming Timings’’ waveforms in the Data Sheet. 


If REFRQ is sampled active by the falling edge of RESET, the 8207’s internal timer is enabled. The 
timer’s period is determined by the CIO, CI1, and PLS bits in the program word. External refresh 
cycles are generated by a low to high transition on the REFRQ input. This transition, besides generating 
a refresh cycle, also resets the internal timer to zero. Simply tie REFRQ to Vcc if internal refresh 
is required. 


If REFRQ is seen low at the falling edge of RESET, the internal timer is deactivated. All refresh cycles 
must either be done by external logic or by accessing all RAM (internal) rows within a 2 ms period. 


Once the no failsafe option is programmed, the 8207 will generate a burst of up to 128 refresh cycles 
when the REFRQ input goes from low to high and sampled high for two consecutive clock edges. 
These cycles are internally counted and the 8207 stops when the refresh address counter reaches the 
value XX11111115 (X = don’t care; see Refresh Counter section). If prior to the burst request the 
counter is at XX11111105 then only 2 refresh cycles would be generated. 
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For a single refresh cycle to be generated via external logic, the REFRQ input will have to go from 
low to high and then sample high by a falling 8207 clock edge. Since external refresh requests typically 
arrive asynchronously with respect to the 8207’s clock, this requires the REFRQ to be synchronized 
to the 8207 clock when programmed in the failsafe mode. This is to ensure that the request is seen 
for one clock - no more, no less. If no external synchronization is performed, then the 8207 could 
do random burst cycles. | 


Processor Interface Options: 


The PCTLA, PCTLB input pins will program the 8207 to accept either the standard demultiplexed 
RD and WR inputs, or to directly decode the status outputs of Intel’s iAPX86, 88 family of 
microprocessors. The state definitions of the status lines and their timings, relative to the processor 
clock, differ for the 8086 family and the iAPX286 processor. Table 1 illustrates how the 8207 
interprets these inputs after the PCTL pins are programmed. 


If PCTL is seen high, as RESET goes inactive, and 8086 status interface is enabled. The commands 
arriving at the 8207 are sampled by a rising clock edge. When PCTL is low, the 80286 status and 
Multibus command interface is selected. These commands are sampled by the 8207 by a falling clock 
edge. 


More information on interfacing to processors is contained in the Microprocessor Interface section. 


Table 1. Status Coding of 8086, 80186 and 8207 Response 
80286 
8207 
rete 8086 
PCTL WA | Status | Sommand 
Interface 


[eT TT erore —[arore 


Write 


[Read | tgnore | 


Function 
[SET Si [85 | sossreores [0266 
pO [0 | 0 | Interrupt | interrupt 
po fo] 1 | voRead | VORead 
po ft | 0 | vOWrite | vOWrite 
'S Be SR i Beis 2a 
08 am eels eee 
Fetch 
1 | 0 | 1 | Memory Read | Memory Read | 
1 [1 [0 | Memory Write | Memory Write | 
pidee[od facts peddle pile: 4 | 


Programming Word 


The 8207 requires more information to operate in a wide variety of systems. The 8207 alters its 
timings and pin functions to operate with the 8206 ECC chip. The programming options allow the 
designer to use asynchronous or synchronous buses, various clock rates, various speeds and types of 
RAM, and others. This is detailed in Table 2. = 


This data is supplied to the 8207 over the PDI input pin. There are two methods of supplying this 
data. One is to strap the PDI pin high or low with the subsequent restrictions on your system. Table 
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_3 shows the required system configuration. Note that your only option when strapping this pin high 


or low is error correction or not. 


If any other configurations are required, then the programming data will have to be supplied by one 
or two 74LS165 type shift registers. Note that the sense of the bits in the program word change 
between ECC and non-ECC configurations. 


Table 2a. 
Non-ECC Mode Program Data Word 


PD15 PD8 PD7 PDO 


A A La a ae Ee 


Program 
a Bit Polarity/Function 


ECC =0 For non-ECC mode 


SA =0 Port A is synchronous 
SA = 1 Port A is asynchronous 


SB =0 Port B is asynchronous 
SB = 1 Port B is synchronous 


CFS=0  Fast-cycle iAPX 286 mode 
CFS = 1 Slow-cycle iAPX 86 mode 
RFS=0 Fast RAM 
RFS=1 Slow RAM 


PLS =0 ee refresh period 
PLS = 1 Short refresh period 


PD10 EXT EXT = =0 Not extended 
Extended 
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Table 2b 
ECC Mode Program Data Word 


PD15 PD8 PD7 PDO 


Program 
Data Bit Polarity/Function 
_ Poo. | ECC | ECC =1 _ ECC mode 
SA SA = 0 Port A is asynchronous (late AACK) 
| . SA = 1 Port A is synchronous (early AACK) 


Slow-cycle iAPX 86 mode 
Fast-cycle iAPX 286 mode 


! Count interval bit 1: see Table 6 in 8207 data sheet 

Count interval bit 0: see Table 6 in 8207 data sheet 

PLS =0 Short refresh period | 
PLS = 1 Long refresh period 


PD10 EXT EXT =0 Master and slave EDCU 
EXT EXT = 1 Master EDCU only 
FFS FFS =0 Slow CPU frequency 
FFS = 1 Fast CPU frequency 
PD12 PPR =0 Port A preferred priority 
PPR = 1 Most recently used port priority 
PD13 RBO RAM bank occupancy 
PD14 RB1 See Table 4 
TM2 TM2 = 0 Test mode 2 enabled 
TM2 = 1 Test mode 2 off 


Table 3. 8207 Default Programming _ 
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Reset 


If Port A is changed to an asynchronous interface (via the SA bit), then one of two precautions must 
be taken. Either a differentiated reset must be provided, or else software must not access the 8207 
controller RAM for a short period. The 8207 is either adding or deleting internal synchronizing 
circuits. If a command is received during this changing, the 8207 may not perform properly. This 
is required only if Port A is changed to asynchronous, or if Port B is changed to synchronous. 


Several of the bits in the program word determine a particular configuration of the 8207 (reference 
Tables 10, 11 and the 8207 Data Sheet). The bits are: CFS, CLOCK fast or slow; RFS, RAM access 
time fast or slow (fast refers to 100 ns - slow is everything greater); and EXT, for memory data word 
widths greater than 16 (22) bits. Generally speaking, CO is the fastest configuration at clock 
frequencies up to 16 MHz, both in the ECC or non-ECC charts. ‘C3’ is the fastest for 8 MHz clocks 
in non-ECC mode, and ‘C4’ is the fastest configuration when using ECC. 


Take, for example, a 16 MHz 8207 clock with no error correction, a 16 bit word, and 150 ns (slowly) 
dynamic RAMs. Table 10, in the 8207 data sheet, is used to arrive at the configuration ‘‘C1.’’ The 
Timing chart Table 12 in the 8207 Data Sheet is then used to determine which clock edge to reference 
all timings from. The Waveforms diagrams then are used to determine the delay from the clock edge. 


e 
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CHAPTER 3 
RAM INTERFACE : 


The 8207 takes the memory addresses from the microprocessor bus and multiplexes them into row 
and column addresses as required by dynamic RAMs. The only hardware requirement when inter- | 
facing the 8207 to dynamic RAM are series resistors on all the RAM outputs of the 8207, and proper 
layout of the traces (see Intel’s RAM Data Sheets or the Memory Design Handbook). This section 
mainly details the effects and requirements of input signals to the 8207 on the RAM array. 


The 8207 contains an internal address counter used for refresh and error scrubbing (when using the 
8206 EDCU) cycles. The 8207 has 18 address inputs (AILO-AIL8 and AIHO-AIH8) which are multiplexed 
to form 9 address outputs (A00-A08). There are also 2 bank select (BSO, BS1) inputs for up to 4 banks 
of RAM. The Bank Select inputs are decoded internally to generate RAS and CAS outputs. 


Refresh Interval 


The 8207 supports four different refresh techniques as described in the Refresh Options section. In 
addition, the rate at which refresh cycles are performed is programmable. This is necessary because 
the refresh period is generated from the CLK input, which may vary over a wide range of frequencies. 
Programming the Cycle Fast/Slow (CFS) and Frequency Fast/Slow (FFS) bits automatically reprograms 
the refresh timer to generate the correct refresh interval for a clock frequency of 16, 10, 8, or 5 MHz 
(CFS, FFS = 11, 10, 01, and 00, respectively). For clock frequencies between those, Count Interval 
(CI1, CIO) programming bits allow ‘‘fine tuning”’ of the refresh interval. Refresh will always be done 
often’ enough to satisfy the RAM’s requirements without doing refresh more often than needed and 
wasting memory bandwidth for all clock frequencies. 


Refresh Counter 


The internal refresh address counter of the 8207 contains 20 bits as organized in Figure 1. 


19 18 77 vo “ow 4, 43. T2771 210-3 8S. Fe Se ae ie ieee 
Bank — Col addr Row addr 


Figure 1. 8207 Refresh Address Counter 


In non-ECC mode, the refresh address counter does not count beyond bit 8. For standard RAMs, 
this will refresh 128 rows every 2 ms or 256 rows every 4 ms. 


In ECC mode, the 8207 automatically checks the RAM for errors during refresh. This requires it to 
access each of the possible 2” words of memory. The 8207 does not delete any of these bits when 
used with 16k and 64k dynamic RAMs. Each column would be scrubbed 4 times with 16k RAMs, 
and twice with 64 RAMs. This will have no detrimental effect on reliability. Banks of RAM that are 
not occupied, as indicated to the 8207 by the RBO, RBI programming bits, will not be scrubbed. 


Bank Selects BSO, BS1; RBO, RB1 


The 8207 is designed to drive up to 88 RAMs in various configurations. The 8207 takes 2 inputs, BSO, 
BS1, and decodes them based on 2 programming bits, RBO, RB1, to generate the required RAS/CAS 
strobes. Additionally, the 8207 will always recognize (not programmable) whether an access is made 
to the same RAM bank or to a different bank. The 8207 will interleave the accesses resulting in 
improved performance. 
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RAS and CAS Reallocation 


\ 


The 8207’s address lines are designed to drive up to 88 RAMs directly (through impedance matching 
resistors). The 4 RAS and CAS outputs drive up to 22 RAMs per bank (16 data plus 6 check bits. 
with the 8206). Under these conditions, the 8207 will meet all RAM timing requirements. See 
Figure 2 for an example. 


*ECC OPTIONAL 


Figure 2. 8207 4 RAM Bank Configuration 


The 8207 can accommodate other configurations like a 32 bit error corrected memory system. Each 
-bank would have 39 RAMs (32 + 7 check bits) with the total number of RAMs equal to 78. This is 
within the address drivers capability, but the 39 RAMs per bank exceeds the RAS and CAS drivers 
limits. The loading of the RAS/CAS drivers should not exceed 22 RAMs per bank, otherwise critical 
row, column address setup, and hold times would be violated. ‘ 


In order to prevent these critical timings being violated, the 8207 will re-allocate the RAS and CAS 
drivers based on the RBO, RB1 programming bits (see Table 4). If the RBO, RB1 bits are programmed 
for 2 banks, the 8207 will operate RASO and RASi as a pair along with RAS? and RAS3, CASO and 
CASI, and CAS2 and CAS3. Now the address drivers would be loaded by 78 RAMs and the RAS/ CAS 
drivers by 20 RAMs. This relative loading is almost identical to the first case of four banks of 
22 RAMs each. Drive reallocation allows a wide range of memory configurations to be used and still 
maintain optimal memory timings. Figure 3 shows a 32 bit non-error corrected configuration. 


These programming bits do not help to qualify RAM cycles. Their purpose is to reallocate RAS/CAS 
drivers. For example, if there is one bank of RAM and the bank select inputs (BSO, BS1) select any 
other bank and no provision is made to deselect the 8207 (via PE), the 8207 will do a RAM cycle © 
and issue an acknowledge. This happens irregardless of the RBO, RB1 programmed value. See the. 
Optional RAM Bank’s section to provide for this. 


6-225 ! 530822-001 


8207 


Table 4. RAM Bank Selection Decoding 
and Word Expansion 


Program Bank 
Bits Input RASI/CAS Pair Allocation 
RB1 RBO} Bi B 


Oe ae ee Be 

po [| oO | 0 | 1 | Megal Bank input 
po | Oo | 1 | 0 | Mlegal Bank Input 
po | oO | 1 | 1 | Megal Bank input 
(9 [1 | 0 | 0 | FRASo1, CAS,1 to Bank 0 
Oo [1 | 0 | 1 | RAS23, CAS23 to Bank 1 
po [1 | 1 | 0 | Megal Bank input 
of 1 [1 [1 | Mega Bank Input 
| 1 [0 | 0 | 0 | RASo, CASo to BankO 
p41 | 0 | 0 | 1 | RAS; CAS; toBank1 
| 1 | 0 | 1 | 0 | RAS9, CAS2 to Bank 2 

pt | 0 | 1 | 1 | Megal Bank Input 
| tf 1 | 0 | 0 | RASo, CASp to BankO 
pt ft | 0 | 1 | RAS), CAS; toBank1 
TT oT aE o Bani 
1 [1 [1 | 1 | RAS3, CAS3 to Bank3 


=) 


16 BITS 


16 BITS 


Figure 3. 8207 2 RAM Bank Configuration 
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Scrubbing 


An additional function of the RBO, RBI bits, besides RAS/CAS allocation, is to inform the 8207 
of how many banks are physically present. The 8207 will, during the refresh cycle, read data from 
a location and check to see that data and check bits are correct. If there is an error, the 8207 lengthens 
the refresh cycle and writes the corrected data back into RAM. Scrubbing the entire memory greatly 
reduces the chance of an uncorrectable error occurring. See the Refresh section for more detail on 
scrubbbing. 


Refresh Cycles 


The 8207 performs RAS only refresh cycles in non-ECC systems. It outputs all 8207 control signals 
except for CAS and acknowledges. The real delay in a system due to refresh would be a fraction of 
that value!. The length of the refresh cycle is always 2tRP + tRAS, and varies based upon the 
_ programmed 8207 configuration. 


In error-corrected systems, the refresh cycle is actually a read cycle. The 8207 outputs a row address, 
then all RAS outputs go active. Next, a column address is output and then CAS. The CAS output 
is based upon the RBO, RBI allocation bits. Figure 4a shows the general timing for a four bank system, 
and Figure 4b shows a two bank system. 


4 BANKS ‘ 2 BANKS — 


Figure 4. Refresh Cycles for Error Corrected Systems 
/ 


(1) Measurements have shown a delay of 2-4% on program execution time compared to programs 
running without refresh. 
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| The 8207 sends the read out word through the 8206 EDCU to check for any errors. If no errors, the 


refresh cycle ends. If an error is discovered, the 8207 lengthens the cycle. An error is determined if 
the ERROR output of the 8206 is seen active at the same edge that the 8207 issues the R/W output. 
The cycle is then lengthened to a RMW cycle. If the error was correctable, the corrected data is writ- 
ten back to the location it was read from. But, if the data is uncorrectable, the cycle is still lengthened 
to a RMW, but no write pulse is issued. To aid in stabilizing the RAM output data and the Error 
flag, pullup resistors of 10k ohms on the data out lines are recommended. 


Scrubbing removes soft errors that may accumulate until a double-bit error occurs, which would halt 
the system. Hard single-bit failures will not stop the system, but could slow it down. This is because 
read and refresh cycles lengthen to correct the data. 


For large RAM arrays some form of error logging or diagnostics should be considered. 


Interleaving 


The term ‘‘interleaving’’ is often used to refer to overlapping the cycle times of multiple banks (or 
boards or systems) of RAMs. This has the advantage of using relatively slow cycle time banks to achieve 
a faster perceived cycle time at the processing unit. The drawbacks of interleaving are more logic to 
handle the necessary control and, for maximum performance, the program should execute sequen- 
tially through the addresses. 


Dynamic RAM cycles consist of 2 parts — the RAS active time ((RAS in Dynamic RAM Data Sheets) 
and precharge time (tRP). The sum of these two times are roughly equal to the cycle time of the RAM. 
The 8207 determines how long these two periods are, based on the configuration the user picked (via 
the programming bits). Bank interleaving, as used by the 8207, is slightly different than the previous 
definition. The 8207 will overlap the precharge time of one bank with the access time of another bank. 
In either case, the advantage is the effective cycle time is reduced without having to use faster RAMs. 


For interleaving to take place there must be more than | bank of RAM connected to the 8207. 
Interleaving is not practical with 3 banks of RAM because 3 is not a power of 2 (the 2 bank inputs 
BSO, BS1). So, interleaving works only for 2 or 4 banks of RAM. Note that it is easy enough to’ use 
three banks of RAM where the bank select inputs are connected to the highest-order address line. 
For instance, if three banks of 2164s are used in an 8086 system, and located at address OH, bank 


_ selects BSO and BS1 would be connected to microprocessor addresses A1l7 and A18, respectively. Banks 


0-2 would be accessed in the address ranges OH - FFFFH, 10000H - 1FFFFH, and 20000H - 2FFFFH, 
respectively. In this case, consecutive addresses are almost always in the same bank and very little 
interleaving can take place. 


Figure 5 shows the effects on the performance of the processor with and without interleaving. In both 
examples, consecutive accesses to the same bank will add | wait state to the second access, but no 
wait states to consecutive accesses to different banks. Irregardless of the 8207 configuration, there 
will always be a minimum | wait state added without interleaving. Therefore, interleaving is very highly 
recommended! 


Interleaving is accomplished by connecting the 8207’s BSO, BS1 inputs to the microprocessor’s low 
order word address lines. Each consecutive address is then located in a different bank of RAM. About 
90% of memory accesses are sequential, so interleaving will occur about 90% of the time in a single — 
port system. 


In a dual port system, the advantages of interleaving are a function of the number of banks of memory. 
Since the memory accesses of the two ports are presumably independent, and both ports are continuously 
accessing memory, the 8207 arbiter will tend to interleave accesses from each port (i.e., Port A, Port 
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Figure 5. Processor Performance With and Without Interleaving 


B, Port A, Port B, ...). If there are two banks of RAM interleaving will occur 50% of the time and, 
if there are four banks of RAM, interleaving will take place 75% of the time!. To the extent that 
a single port generates a majority of memory cycles, interleaving efficiency will approach 90% as 
described i in the previous paragraph. 


(1) Don’t get confused here. The paragraph is talking about interleaving memory requests from 
both ports, and their probability of accessing one of the other banks of RAM where tRP 
has been satisfied. The 8207 will leave the RAM precharge time out if consecutive accesses go 
to different banks. The 8207 RAM timing logic does not care which port requests a RAM cycle. 
requests a RAM cycle. 


Optional RAM Banks 


Many users allow various RAM array sizes for customer options and future growth. Some care must 
be taken during the design to allow for this. Three items should be considered to permit optional RAM 
banks. 


The first item is the total RAM size. The 8207 starts a memory cycle based only upon a valid status 
or command and PE active. So some logic will be required to deselect the 8207 (via PE) when the 


addressed location does not exist within the current memory size. A 7485 type magnitude comparator _ 


works well. 


The second item to consider is the BSO, BS1 inputs. With one bank of RAM these inputs are tied 
to ground. Four banks of RAM require two address inputs. So, if the design ever needs four banks 
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of RAM, then the BSO, BS1 inputs must be connected to address lines. Selecting a non-existant RAM 
bank is illegal. Figure 6 shows a non-interleaved method. 


Figure 6. Non-Interleaved 8207 Selection Circuit 


With designs using interleaving, the least significant word address lines are connected to the BSO, BS1 
inputs. With two banks of RAM, AI from the Intel processor is connected to BSO. A2 is connected 
to BS1, but not allowed to function until four banks are present. However, A2 must still be used 


since addresses increase sequentially. Two possible ways of implementing this are shown in Figure 
7 below. 


Figure 7. Interleaved 8207 Selection Circuits 
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The final consideration is for the » RAS/CAS outputs. Remember that when the RBO, RBI bits are are 
programmed for two banks, then RASO, 1 operates in tandem (non-ECC mode/ECC mode - the CAS 
outputs also work in tandem). Figure 8 shows the proper layout. 


RASO/CASO 


RAS2/CAS2 


RAS1/CAS1 


RAS3/CAS3 


Figure 8. RAM Bank Layout © 
Write Enables - Byte Marks 


The write enable supplied by the 8207 cannot drive the RAM array directly. It is intended to be 


_ NAND with the processor supplied byte marks in a non-ECC system. In error-corrected systems, the 


write enable output should be inverted before being used by RAMs. Only full word read/writes are 
allowed in ECC systems. The changing of byte data occurs in the 8206 EDCU. 


- For single and dual port systems, the byte mark data (AO, BHE) must be latched. The 8207 can (and 
will) change the input addresses midway through a RAM cycle. 


Memory Warm-up and Initialization 


After programming, the 8207 performs 8 RAM warm-up cycles. The warm-up cycles are to prepare 
the RAMs for proper operation. If the 8207 is configured for ECC, it will then prewrite zeros into 


the entire array. 


Ali RAS outputs are driven active for these cycles, once every 32 clock periods. The prewrite cycles 
are equivalent to write cycles, except ali RAS and CAS will go active, data is generated by the 8206, 
and the address is generated by the 8207. 


RAM Cycles/Timings 


Tables 12 and 13 of the 8207 Data Sheet show on what clock edge each of the 8207 outputs are generated. 


. This, together with the timing waveforms and A.C. parameters, allows the user to calculate the 


timings of the 8207 for each of its configurations. To make the job easier, Tables 14-18 of the 8207 
Data Sheet precalculate dynamic RAM timings for each 8207 configuration and type of cycle. All 
that is required is to plug in numerical values for the 8207 parameters. 
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Write Cycles 


The 8207 always issues WE after CAS has gone valid. These types of cycles are known as “‘late writes.”’ 
The 8207 does this primarily to interface to the iAPX286 processor bus timings. Late writes require 
separate data in and data out traces to the RAM array, plus the additional drivers. 


Data Latches 


The 8207 is designed to meet data see and hold times for the iAPX86 family processors when using 
a synchronous status interface (see Microprocessor Interface section). Other types of interfaces will 
require external data latches. This is because the CAS pulse is a fixed length - the user has no control 
(besides programming options) over lengthening CAS. _When CAS goes inactive, data out of the RAMs 
will disappear. Asynchronous interfaces should use XACK or LAACK to latch the data. | 
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CHAPTER 4 
MICROPROCESSOR INTERFACES 


The 8207 is designed to be directly compatible with all Intel iAPX86, 186, 188, and 286 processors. 
For maximum performance, the 8207 will directly decode the status lines and operate off of the pro- 
cessor’s clock. Additionally, the 8207 interfaces easily to other bus types that support demultiplexed 
address and data with separate read and write strobes. 


Bus Interfaces 


The 8207 easily supports either an asynchronous or synchronous command timing. The command 
timing can also be adjusted for various processors via the PCTL pin. 


MEMORY COMMANDS 


There are four inputs for each port of the 8207 that initiate a memory cycle. The input pins are WR 
RD, PCTL, and PE. The first three inputs connect directly to the iAPX 86, 88, 186, 188 S0-S2 
outputs, respectively. For the 80286, the same connections are used except that PCTL is tied to ground. 
In all configurations PE is decoded from the address bus. Multibus type commands use the same 
input setup as the 80286. 


COMMAND/STATUS INTERFACE 


The status interface for the 80186 and the 80286 differ both in timing and meaning. The 8207 can 
be optimized for either processor by programming the PCTL input pin at RESET time. S2 in 80186. 
systems, connects directly to PCTL. When the processor is reset it drives S2 high for one clock, then 
tristates it. A pullup resistor to +5 will program the PCTL input for the 80186 status interface when 
RESET goes inactive. A pullup is required only if no component has this pullup internally. 


_ To optimize the 8207 for the 80286 interface, PCTL is tied to ground and not used in 80286 systems. 
Multibus commands are similar in meaning to the 80286 status interface, and are programmed the 
same way. In Multibus type systems, PCTL can be used as an inhibit to allow shadow memory. PCTL 
would be driven high, when required, to prevent the 8207 from performing a memory cycle. It would 
be connected to the Multibus INH pin through an inverter. 


SYNCHRONOUS/ASYNCHRONOUS COMMANDS 


Each port of the 8207 can be configured to accept either a synchronous or asynchronous (via 
programming bits) memory request. Minimum memory request decode time (and maximum per- 
formance) is achieved using a synchronous status interface. This type of interface to the processor 
requires no logic for the user to implement. 


An asynchronous interface is used with Multibus bus interfaces when the setup and hold times of 
the memory commands cannot be guaranteed. Synchronizers are added to the inputs and will require 
up to two clocks for the 8207 to recognize the command. It should be obvious that better performance 
will result if the 8207’s clock is run as fast as possible. 


Figure 2 of the 8207 Data Sheet shows various combinations of interfaces. The additional logic for 
the asynchronous interfaces is used to either lengthen the command width, to meet the minimum 8207 
spec, or to make sure the command does not arrive too soon before the address has stabilized. 


PORT ENABLE 

The PE inputs serve to_qualify a memory request. A RAM cycle, once started, cannot be stopped. 
A RAM cycle starts if PE is seen active at the proper clock edge and a valid command is recognized. 
If PE is activated after a command has gone active and inactive, no cycle will start. 
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Types of logic that work well are 74138 and 7485. PE should be valid as much as possible before 
the command arrives because, as the address bus switches and settles, glitches on PE could either: 
disqualify a memory cycle; delay a memory cycle; or start a memory cycle when none should have. 

efer to the Port Interface Waveforms in the Data Sheet. If Port Enable is not seen active by the 
next or same clock edge, no memory cycle will occur unless the command is removed and brought 
active again. 


Back to Back Commands 


Holding the RD, WR inputs active will not generate continuous memory cycles. Memory commands 
must go inactive for at least one clock period before another memory request at that port will be 
considered valid. Holding the inputs active will not keep the other port from gaining access to the 
RAM. The only signal that can prevent the other port’s gaining access to the RAM is LOCK. 


Address Inputs (And LOCK) 


Two pins control the address inputs on the 8207, MUX and LEN. Neither are used for single port 
8086 based systems. MUX is used for dual port configurations, and LEN is used for single and dual 
port 80286 based systems. MUX is used to gate the proper ports addresses to the 8207. If the output 
is high, Port A is selected. If it is low, Port B is selected. 


The cross coupled NAND gates, shown in the 8207 Data Sheet (Figure 3), are used to minimize 
contention when switching address buses. Use of a single inverter would have both outputs enabled 
simultaneously for a short period. The cross coupled hand gates allow only one output enabled. 


MUX also allows the single LOCK input to be multiplexed between ports. Figure 9 shows how to 
multiplex the LOCK input for dual port systems. See the LOCK section for more information. 


TO ADDR LATCH A EN 


TO ADDR LATCH B EN 


Figure 9. Dual Port LOCK Input Circuit 
MUX TIMING 


The MUX output is optimized by the Port Arbitration scheme, which is selected in the program word. 
Figure 10 shows the effects on memory selected in the program word. Figure 10 shows the effects 
on memory bandwidth with the different schemes. Port A Preferred optimizes consecutive cycles for 
Port A. Consecutive Port B cycles have at least 1 clock added to their cycle time. There would be 
no MUX delays for any Port A request. 
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The Most Recently Used scheme allows either port to generate consecutive cycles without any MUX 
delays. The first memory cycle for each port would have the 1 clock delay. But all others would not. 


With either scheme, if both ports request the memory at their top speed, the 8207 will interleave the 
requests; Port A, Port B, Port A, Refresh, Port B. 


MOST RECENTLY USED 
B 


Figure 10. Port Arbitration Effects 
LEN 


LEN is used to hold the 80286 addresses when the 8207 cannot respond immediately. The 8207 will 
require a separate address latch, with the ALE input replaced with LEN. LEN optimizes the address 
setup and hold times for the 8207. 


LEN goes from high to low when a valid 8207 command is recognized, which latches the 80286 
address. This transition of LEN is independent of a memory cycle starting. The low to high transition 
will occur in the middle of a memory cycle so that the next address will be admitted and subsequently 
latched. 


If Port B is to interface to an 80286 with the synchronous status interface, then LEN must be created 
using external logic. Figure 11 shows the equivalent 8207 circuit for Port B. 


LOCK © 


The LOCK input allows each port uninterrupted access to memory. It does this by not permitting 

MUX to switch. It is not intended as a means to improve throughput of one of the ports. To do so 

is at the designer’s risk!. Obviously, LOCK is only used in dual port systems. The 8207 interprets 
LOCK as originating from the port that MUX is indicating. 


(1) The 8207 will not malfunction if this is done. This is a system level concern. For example, 


a time dependent process may fail if the other port holds LOCK active, preventing its access of 
memory and relinquishing the bus. : 
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Figure 11. Port B LEN Circuit 


LOCK from the 8086 may be connected directly to the 8207 or to the multiplexing logic. The 8207 
requires additional logic when interfaced to an 80286. Figure 12 shows both the synchronous and 
asynchronous circuitry. 


| For 16 MHz operation, the 8207 ignores the LOCK input during the clock period that MUX switched. 
During 8 MHz operation, the 8207 will see LOCK as being active during the clock period when MUX 
switches. 


The LOCK issued in Multibus bus systems may not be compatible with the 8207. The 8207 references 
LOCK from the beginning of a cycle, while Multibus references LOCK from the end of a cycle. The 


i 


Figure 12a. Synchronous interface 
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Figure 12b. Asynchronous interface 


Multibus LOCK can be used if it meets the 8207 requirements. If the LOCK timing cannot be guaranteed, _ 
then additional logic is necessary. The logic would issue LOCK whenever a Multibus command is — 
recognized. The drawback to this is that MUX cannot switch during the RAM cycle. This would delay | 
the other port’s memory access by one or two clocks. . 


DEADLOCK 


The designer should ensure that a deadlock hazard has not been created in the design. The simple 
interfaces shown previously will not create a deadlock condition when the 8207 controls all system 
memory. If LOCK is issued by both ports, then the above logic would need to be modified to remove 
LOCK. 


’ Figure 13 shows an illustration of the problem with a single LOCK input. 
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Figure 13. Single LOCK Input Circuit 
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Suppose the 8207 starts a locked string transfer for the processor. The Multibus bus port requests — 
a memory cycle but must wait for the processor to remove LOCK. But the processor must access 
Multibus as part of the locked string transfer. We now have a deadlock. The solution is to force LOCK 
inactive whenever an access is made to non-8207 memory by the processor. By doing this we have 
now violated the purpose of LOCK, since the Multibus port could change data. Another solution is 
to ensure that locked data does not exist in physically separate memory. 


8207 Acknowledge’s 


The 8207 in non-ECC mode has two active acknowledge’s per port, AACK and XACK. The AACK 
output is configured into either an ‘‘early’’ or ‘‘late’? AACK based on the SA, SB bits in the program 
data word. In ECC systems there is one Acknowledge per port, and it is configured to any one of 
the three (EAACK, LAACK or XACK) by the programming bits. 


The AACK pin is optimized for either the 80286 or the 8086, based upon the CFS programming bit 
(fast = 80286; slow = 8086). XACK conforms to the Multibus bus specification. XACK requires a 
tri-state buffer and must not drive the bus directly. 


In synchronous systems, XACK will not go active if the memory command is removed prior to the 
clock period that issues XACK. In asynchronous systems, the AACK pin can also serve as an 
advanced RAM cycle timing indicator. 


Data out, in synchronous systems, should not have to be latched. The 8207 was designed to meet the 
data setup and hold times of Intel processors, the 8086 family, and the 80286. In asynchronous systems, 
the 8207 will remove data before the processor recognizes the Acknowledge (LAACK or XACK). In 
these systems, the data should be latched with transparent type latches (Intel spevitoualt 


Output Data Control 


Non-ECC 


In single port systems, Intel processors supply the necessary timing signals to control the input or 
output of data to the RAMs. These control signals are DEN and DT/R. Refer to the 1€ microprocessor 
handbook for their explanation. If these signals are not available, then PSEN and DBM provide the . 
same function. They can be used directly to control the 8286/8287 bus drivers of the 8207. 


Because of the single set of data in/out pins of the RAMs, data must be multiplexed between the 
two ports in dual port systems. The 8207 provides two outputs for contention-free switching. PSEL 
operates the same as the MUX output, in that a high selects Port A and a low selects Port B. PSEN 
acts to enable the selected port. The timing is shown in the 8207 Data Sheet, Port Switching Timing 
section. 


The easiest means of using PSEL and PSEN is shown in Figure 14. At no time will both ports be 
enabled simultaneously. 


Figure 14. PSEL and PSEN Interface Circuit 
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Data Bus - Single Port 


Recall that the 8207 always performs a late write cycle and that this requires separate data in and 
out buses. One option for the data bus is shown in Figure 3 of the 8207 Data Sheet. It requires separate 
data in and out traces on the processor board. 


The second option is to keep the processor’s combined data, bus but separate the data at the 8207 
RAM. ‘This is shown in Figure 15. , 


TO uP DATA 
BUS 


Figure 15. Data Bus Circuit 


Data Bus - Dual Port 


Non-ECC 


_ The multiplexed data of the 8207 RAM must be kept isolated so that an access by one port does not 
affect another port. Figure 16 illustrates the control logic. 
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Figure 16. Dual Port Data Bus Control Circuitry 
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CHAPTER 5 
8207 WITH ECC (8206) 


This section points out the proper control of the 8206 EDCU by the 8207. 


The 8207 performs error correction during read and refresh cycles (scrubbing), and initializes memory - 


after power up to prevent false errors from causing interrupts to the processor. Since the 8207 must 
refresh RAM, performing scrubbing during refresh allows it to be accomplished without any 
additional performance penalty. Upon detection of a correctable error during scrubbing, the RAM 
refresh cycle is lengthened slightly to permit the 8206 to correct the error and for the corrected word 
to be rewritten into memory. Uncorrectable errors detected during scrubbing are ignored, since the 
processor may never access that memory location. 


Correctable errors detected during a memory read cycle are corrected immediately and written back 
into memory. 


Synchronous/Asynchronous Buses 


The many types of configurations that are supported by the 8207/8206 combination can be broken | 


down into two classes: ECC for synchronous or for asynchronous buses. 


In synchronous bus systems, performance is optimized for processor throughput. In asynchronous 
buses, performance is optimized to get valid data onto the bus as quickly as possible (Multibus). While 
possible to optimize the 8207/8206 for processor throughput in Multibus systems, it is not Multibus 
compatible. The performance optimization is selected via the XA/XB and SA/SB programming bits. 


When optimized for processor throughput, an advanced acknowledge (AACK - early or late) is issued 
at some point (based on the type of processor) so that data will be valid when the processor needs it. 


When optimized for quick data access, an XACK is issued as soon as valid data is known to exist. 
If the data was invalid (based on the ERROR flag), then the XACK is delayed until the 8206 corrects 
the data and the data is on the bus. 


The first example is known as ‘‘correct always’? mode. The 8206 CRCT pin is tied to ground and 
the 8206 requires time to do the correction. Figure 17 shows this implementation. The quick data 
access method is known as ‘‘correct on error.’’ The CRCT pin is tied to the R/W output of the 8207. 
When CRCT is high, the 8206 does not do correction, but still checks the data. This delay is typically 


half of the first. If an error happens, the cycle becomes a RMW and XACK is delayed slightly so” 


that data can be corrected. 


The correct on error mode is of no real benefit to non-Multibus users. The earliest acknowlege (EAACK) 
is delayed by one clock to allow for the delays through the 8206. This imposes a 1 wait state delay. 


Byte Marks 


The only real difference to the 8207 system when adding the 8206 is the treatment of byte writes. Because | 


the encoded check bits apply only to a whole word (including check bits), byte writes must not be 
permitted at the RAM. Instead, the altering of byte data is done at the 8206. The byte marks 
- previously sent to RAM are now sent to the 8206. These byte marks must also qualify the output 
enables of the data drivers. 


The DBM output of the 8207 is meant to be nanded with the processors byte marks. This output is 
activated only on reads or refreshes. On write cycles, this output stays high which would force the 
8206 byte mark input low. When low, the internal 8206 data out buffers are tristated so that new 
data may be gated into the device. 
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Figure 17. 8206 Interface to the 8207 


Read Modify Writes - ECC 


A RMW cycle occurs whenever a processor wants to do byte writes or when the 8207 has detected 
-an error during read or refresh (scrubbing) cycles. A byte-write is detected by the FWR input to the 
8207 and is based on the processor supplied byte marks. 


At the start of a RMW cycle, DBM stays high, which, when qualified with the byte marks, willenable __ 
the_data out buffer of the 8206 for the unmodified byte, and tristates the buffer for the new byte; __ 
R/W is high, which tells the 8206 to do error detection and correcting (if CRCT is low). The 8206 

can latch data and check bits from the RAM via the STB input, but the 8207 does not use this feature. 
Instead, the 8207 keeps CAS active the entire length of the RMW cycle to hold data at the 8206. The 

new byte data from the processor goes to the 8206 and to the RAM. The 8207 would have corrected _ 
any errors just read, so the old and new bytes of data, plus their check bits, are available atthe RAM, 
and the 8207 generates a write pulse. The data driver for the unmadified byte must not have been 
enabled, otherwise erroneous data would be written to RAM and possibly made valid (if it was stable) 

by the 8206. 


Data Buffer Control - ECC 


rs 


The control of the data buffers is essentially the same as in non-ECC systems, with a few exceptions. 
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The processor’s byte marks must now qualify the output enable logic. The reason was described earlier 
in the RMW section. This applies to both single and dual port configurations.:A refresh cycle outputs 
all the control signals that a read cycle will, except for an acknowledge. If complete buffer control 
is left to the 8207, then it would occasionally (during refreshes) put data on the processor bus. The 
DEN and DT/R signals must be qualified by the PE input. PE would have to be latched for the entire 
cycle by PSEN. 


” 


Test Modes 


Neither of the two test modes of the 8207 are to be used in a design. Both test modes reset the refresh 
address counter to a specific value, which interrupts the refresh sequence and causes loss of data. 


In error corrected systems, a reset pulse causes the 8207/8206 to write over the entire RAM array. 


Test Mode 2 appears to bypass the prewrite sequence. But, the refresh counter is reset to a value of 


1F7 (H). So, besides interrupting the refresh sequence, the 8207 still prewaes the 8 locations specified 
by the counter. 


To not overwrite the RAM data, the 8207 RESET will have to be isolated from the system reset logic 
in ECC systems. 
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APPENDIX | 


8207/8208 Performance 


The following performance charts were based upon Figure 3 in the 8207 Data Sheet, and apply to 
the 8208 as well. All RAM access delays are based upon Intel dynamic RAMs. The charts show the 
performance of a single cycle with no precharge, refresh, port switching, or arbitration delays. 


The read access calculations are: the margin between the 8207 starting a memory cycle to data valid 
at the processor - 8207 RAS or CAS from clock wai DRAM RAS or CAS access - 8286 propaga- 
tion delay - processor setup. 


_Assume the RAS/CAS drivers are loaded with 150 pf, and the 8286.is driving a 300 pf data bus. 
80286 (example) 


RAS Access: 3TCLCL - 8207 TCLRSL - 2118 tRAC - 
8286 TIVOV - 80286 t8 
= (3)62.5 - 35 max - 100 max - 22 - 10 
= 20 ns 


80186 (example) 


CAS Access: 2 TCLCL - 8207 TCLCSL - 2164A tCAC - 
8286 TIVOV - 80186 TDVCL 
= (2)125 - 115 max - 85 max - 22 - 20 
= 8 ns 
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8207 Performance (EDC synchronous status interface) 


Table 5a. Wait States for Different uP and RAM Combinations 


ait states at full CPU speed RAM speed 
i SPU | ereq | 100ne | 1206s | 150 ne 200 fia) 


Not (1) 
compatible 


80186, 1-RD, WR 1-RD,WR 1-RD,WR with se 
8086/88-2 3-Byte WR 3-Byte WR 3-Byte WR Se 
C4 C4 C4 
| L 1 1 1-RD, WR 
C4 


8207 Performance (EDC synchronous status interface) 


Table 5b. uP Clock Frequency for Differenc uP and RAM Combinations 


_ Maximum frequency for 
one wait-state (4) 


80286 


80186, 
8086/88-2 


~ 8086/88 
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8207 Performance (Non-EDC synchronous status interface) 


Table 6a. Wait States for Different uP and RAM Combinations 


ait states at full CPU speed RAM speed 
— a oe ee 


1-Read 1-Read Not(1) 
80286 Decay 0-Write sik compatible 
C1 with 
80186, o(2) RAM 
8086/88-2 parameters 
0 
8086/88 . : 
So 


Table 6b. p.P Clock Frequency for Different uP and RAM Combinations 


Maximum frequency for 
no wait-state (4) on speed 
[cpu | Freq | 100ne | 120ne | 100n0 


80186, 
8086/88-2 


_e00ss | Swe 


(1) The 2164A tRAH parameter is not satisfied. 


- (2) 150 ns 64K DRAMs with tCAC = 100 ns won’t run with 0 wait-states, because they have: a longer CAS 
access time than the 2164A-15 (tCAC = 85 ns). 


(3) Numbers in lower right corners are the programmed configurations of the 8207. 
(4) To meet read access time. 
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8207 Performance (multibus interface) 


This is an asynchronous, command interface. Worst case data and transfer acknowledge 
(XACK#) delays. Including synchronization and data buffer delays, are: | 


Table 7a. Non-EDC system 


et 8 20t ne Sf 10 ne ee 
[Bata accesstine | ans | ame | S206 | sms 


¢ Table 7b. EDC system 


| RAM speed 
ae eee ee a ee ee 


359ns 369ns | 392ns 450ns 
(324 ns)[1] | (834 ns) | (357 ns) (415 ns) 


. 400 ns-RD, WR 520 ns-RD, WR 
XACK#¥ time ey 
ri Cie 588 ns-Byte Write 806 ns-Byte WR 


(1) Numbers in parentheses are for when 8206 is in check-only mode (8206 doesn’t do error correction 
until after an error is detected. 


Data access time (read) 
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10203 Bren Road East 
Minnetonka 55343 

Tel: (612) 935-5444 
TWX: 910-576-2738 


MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz 

St. Louis 63141 


Tel: (314) 567-6888 
TWX: 910-764-0882 


tHamitton/Avnet Electronics 
13743 Shoreline Court 


Earth 63045 
Tel: (314 344-1200 
' TWX: 762-0684 


tArrow Electronics, Inc. 
1 Perimeter Road 
Manchester 03103 

Tel: (603) 668-6968 
TWX: 710-220-1684 


‘Arrow Eecwcnice. Inc. 

sant venue 
Mooreciown 06087 
Tel: (215) 928-1800 
TWX: 71 7-0829 


Tel; (201) 575-5300 
TWX: 710-998-2206 


a ae Electronics 
1 ae Avenue 


Bldg. 
Tel: (301) 948-4350TWX: 710-828-9702 sk oh 08003 


Pioneer 

100 Gaither Road 
Gaithersburg 20877 
Tel: (301 710 
TWX: 710-828-0545 


tArrow Electronics, Inc. 
1 Arrow Drive 

Woburn 01801 

Tel: (617) 933-8130 
TWX: 710-393-6770 


tHamilton/Avnet Electronics 
50 Tower Office Park 
Woburn 01801 

Tel: (617) 935-9700 

TWX: 710-393-0382 


tHarvey/Boston 

44 Hartwell Avenue 

a 02173 
gy 863-1200 

Twix: 71 4.306-6617 


Arrow Electronics, Inc. 
10 Varsity Drive 

Ann Arbor 48104 

Tel: (313) 971-8220 

TWX: 810-223-6020 

tPioneer/Michigan 

13485 Stamford 

Livonia 48150 

Tel: (313) 525-1800 

TWX: 810-242-3271 


tHamilton/Avnet Electronics 
32487 Schooicraft Road 
Livonia 48150 

Tel: (313) 522-4700 

TWX: 810-242-8775 


tHamilton/Avnet Electronics 
2215 29th Street S.E. 
Space A5 

Grand Rapids 49508 

Tel: (616) 243-8805 

TWX: 810-273-6921 


609) 424-0110 
TWX: 710-940-0262 


tHamilton/Avnet Electronics 

10 Industrial 

Fairfield 07006 * 
Tel: (201) 575-3390 

TWX: 710-734-4388 


(201) 575-3510 
TWX: 710-734-4382 


tMT! Systems Sales 
383 Route 46 W 
Fairfield 07006 

Tel: (201) 227-5552 


tAlliance Electronics inc. 
11030 Cochiti S.E. 
Albuquerque 87123 

Tel: (505) 292-3360 
TWX: 910-989-1151 


tHamilton/Avnet Electronics 
2524 Baylor Drive S.E. 
Albuquerque 87106 

Tel: (505) 765-1500 

TWX: 910-989-0614 


NEW YORK 


tArrow Electronics, Inc. 
Pavinghie Nise 
armii 

Tel: (516) 694-6800 
TWX: 510-224-6126 


tArrow Electronics, inc. 
3000 South Winton Road 
Rochester 14623 

Tel: (716) 275-0300 
TWX: 510-253-4766 


tArrow Electronics, Inc. 
7705 Maltage Drive 
Liverpool 1 

Tel: (315) 652-1000 
TWX: 710-545-0230 


Hauppa 11788 
Tel: (516) 231-1000 
TWX: 510-227-6623 


tMicrocomputer System Technical Demonstrator Centers 


O05 Bas 


NEW YORK (Conta) 
ee Electronics 
x ie) 4759130 

Twx -253-5470 

> dHaniol ‘Avnet Electronics 
16 Cc : Circle a 


i claps 
a/Avnet Electronics 


Island 11747 
ws mei sing, : 
TWX: 510-224-6166 


aoe 1208 


13902 
Reo Neon. 748-8211 
Wk St 252-0893 
moe Hida! Electronics 
Shy ey Pes Park West 
Wood Island 11797 
Tat (ore * 921-8700 
221-2184 ; 


(716) 381-7070 
WK. 510-253-7001 


“BB Harbor Park ‘ve Sales © 


Wash Os0 
om ror (516) 14-6200 
TWX: 51 -223-0846 


NORTH CAROLINA 
-— He8 Burke Steg 


“Gran Soen ts 7101 
- e (91 kines sant 


Gascdnee 27406 — 
Tel: (919) 273-4441 | 
TWX: 510-925-1114 


Centerville 45459 
Te G13 435.5563 
59-1611 


sac Gactenion: Inc. 
38. Cochran Road 


Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 


eat Electronics 
es 


7 bo2501 


Set 
Rae fHtedibion? Avnet Electronics 
: are Emery Industrial Parkway 


Nrciarlees ille 44128 
ee 831-3 
27-9452 


y 45424 = 

(513 236-9900 
WK: 810-459-1622 
tPioneer/Clevetand 
4800 E. —— Street 
Cleveland 44 


105 
Tel (216) 587-3600 
TWX: 810-422-2211 


Tel: (18) 666-7700 
OREGON 


‘Aimac Electronics Corporation 
boo2 S.W. oe Bidg. 7 


Beaverton 97 
Tel: (503) 641-9070 
TWX: 910-467-8743 


Hamilton/Avnet Electronics 
24 S.W. Road 


ag 

: (412) 255.7000 
{Pena rpac 
59 Drive 
Pittsbu 15238 
Tel: (412) 782-2300 
TWX: 71 -798-3122 


fPioneer/ Delaware Valley 
1 Gibralter Road 
ree 19044 


(215) 674-4000 
TWX: 510-665-6778 


TEXAS 
tArrow Electronics, inc. 
13715 Gama Road 
Tat (214) 366-7500 
tArrow Electronics, Inc. 
10899 Kinghurst 

Suite 100 

Houston 77099 

Tel: (713) 530-4700 
TWX: 910-880-4439 
chia ov a inc. 10125 


: Asi 7 (512) "336-4100 


TWX: 910-874-1348 
tHamilton/Avnet Electronics 
2401 Rutland 
Austin 78757 $ 
Tel: (512) 837-8911 
TWX: 910-874-1319 
tHamilton/Avnet Electronics 
2111 W. Walnut Hill Lane 
Fa ola 

x: 91 5929 


77063 
Tel: | 780-1771 
Tae 1-523 
\ /Austin 
Burnet 
rg 78758 


(512) 835-4000 
TWX: 910-874-1323 _ 


tPioneer/Dallas ’ 
3710 Road 
Tel: toe 7300 
TWX. “910-880 669 


TWx:" 91 .925-4018 : 
Distribution Group — 

169 South 4190 West, Unit B 

Salt Lake City 84104 

Tel: (801) 974-9953. 


1° ea 
EA. Ea 
Bellevue 98007 

Tel: (206 te ad 
TWX: 91 

tArrow aia 
14320 NE. 2ist. Paved 
Bellevue 98007 

Tel: ( 643-4800 
TWX: 91 2017 
tHamilton/Avnet Electronics 
14212 N.E. a Street 


gsi 453-5874 
TWX: 443-2469 


Oakcreek 53154 

Tel: (414) 764-6600 
TWX: 910-262-1193 
tHamilton/Avnet Electronics 
2975 eee gon 


Tel: (414) 784-4510 
TWX: 910-262-1182 


CANADA 

ALBERTA 
tHamilton/Avnet yee 
2816 att ee N.E. 


(403) 230-3586 
TWX: 03-827-642 


TL.A. Varah, Ltd. 
4742 14th Street N.E. 


Calgary 12D 6.7 
Tet (403)230-1235 
TWX: 038-258-97 


ALBERTA (Cont'd) 
bey 1 ; 


3300 “an, A NE. 


at dos) a han ; 


Richmond V6X 172 
Tel: (604) 273-5575 
TWX: 04-5077-89 


LA. Varah, Ltd. 


Hamilton Avnet Electronics: fin 
Unis e &H 


Mississauga L4V 1R2 

Tel: Gis 877.7430 

TWX: 92-8867 
Hamilton/A\ net Electronics 
210 rg ae ad South 


LA. Varah, Lid. 
505 Kenora Avenue 
Pace re 
TWX: 


Zentr 
8 Tibuny Court 

Brampton L6T 374 

Tel: 16), Moe oi JERS», 
TWX: 6-78 : 


' 


564/10. “Weber Street North 
Waterloo N2L 5C6_ 
Tel: (519) 884-5700 


Son bey a 
ors R3H OS1 
Tel: (204) 775-8661 


QUEBEC 
Hamilton/Avnet Electronics 
2670 Pores lle Street 


St. rent 
Tel: rh 9516443. 
TWX: 610-421-3731 


Zentronics 

505 Locke Street 
St. Laurent H4T 1X7 
Tel: (514) 735-5361 
TWX: 05-827-535 


s 


; tMicrocomputer System Technical Demonstrator Centers: 


> 


aay 


am 4 

i 

BELGIUM 

Intel Corporation S.A. 

Roe du i Papier 51 
a 

Boite 1 


B-1160 Brussels 
Tel: (02)661 07 11 
TELEX: 28414 


intel Denmark A/S* 

L 32F 2nd Floor 
DK-21 

Tel: (01) 18 20 
TELEX: 19567 
FINLAND 

Intel Finland OY 
Hameentie 1 

SF - 00550 
Tel: 0/716 955 
TELEX: 123 332 
FRANCE 

Intel tion, S.A.R.L.* 
5 Piece "dese Balance 
Silic 223 


94528 Aer J Cedex 
Tel: (01) 7 22 21 
TELEX: 270475 


— 


EUROPEAN SALES OFFICES| 


FRANCE (Cont'd) 

Intel. Corporation, S.A.R.L. 
Immeuble BBC 

4 Quai ioe Etroits 


69005 
Tel: “(0 42 40 89 
TELEX: 305153 


WEST GERMANY 

Intel Semiconductor GmbH* 
Seidistrasse 27 

Tel: (89) 53891 

TELEX: 05-23177 INTL D 
intel Semiconductor GmbH* 
Mainzer Strasse ge 


D-6200 
Tel: (6121) 70 08 14 
TELEX: 04186183 INTW D 


Intel Semiconductor GmbH 
Brueckstrasse 61 

7012 Fellbach 

West Germa: 


i Pg 58 00 82 
: 7254826 INTS D 


Intel Semiconductor GmbH* 
chars creas 5° 


3000 Hannover 
Tel: on 34 40 81 
TELEX: 923625 INTH D 


Intel Semiconductor 
gg tins a > 


Tet "en 
ex meats INTL D 


20094 A 
Tel: (02) 82 06 
TELEX: 315183 INTMIL 


Rotterdam 
Tel: (10) 21 23 77 
TELEX: 22283 


NORWAY 


Intel Norway A/S 
P.O. Box 92 


Hvamveien 4 
N-2013 

Skj 

Tel: (2) 742 420 
TELEX: 18018 


Intel Sweden A.B.* 
Box 20092 


i 5 
S-16120 Bromma 
Tel: (08) 8 53 85 
TELEX: 


Intel Semiconductor A.G.* 
Forchstrasse 95 


CH 8032 Zurich 

Tel: (01) 55 45 02 

TELEX: 57989 ICH CH 

UNITED KINGDOM 

intel Corporation (U.K.) Ltd.* 

5 Hospital Street 

Nantwich, Cheshire CW5 5RE 

Tel: (0270) 626 560 

TELEX: 36620 

intel ation -(U.K.) Lid.* 

Pirore Wiley (U.K.) 
art SN3 1RJ 


Swindon, 
Tel: (0793) 488 388 
TELEX: 444447 INT SWN 


*Field Application Location 


EUROPEAN DISTRIBUTORS/REPRESENTATIVES 


AUSTRIA 
Bacher Elektronische Geraete GmbH 


26 
A 1120 
Tel: Cae ey 
TELEX: 11532 BASAT A 


Ineico Belgium S 

Ave. des Croix de Gout 94 
B1i20 Brusseis 

Tel: (02) 216 01 60 

TELEX: 25441 


Semiconductor 


Helsinki 21 
Tel: (0) 692 60 22 
TELEX: 124 224 Ftron SF 


Z.I. 

cae de la Ba 

hs age Les Ulis Codex-B.P.88 
(6) 907 78 79 

TELEX F691700 


Tel: (1) 859 04 04 
TELEX: 21810 F 
Metrologie 

La Tour d' Asnieres 

1, Avenue Laurent Cely 
92606-Asnieres 

Tel: (1) 791 44 44 
TELEX: 611-448 


-FRANCE (Cont'd) 


Rue Carle Vernet 
F-92310 Sevres 
= 6 ae 75 35 


nich 80 
Tel: (89) 43 40 61 
TELEX 522561 EIEC D 


Tel: (06434) 231 
TELEX: 484426 JERM D 


Celdis Enatechnik A arated GmbH 
2359 Henstedt 

Tel: (04193) 4026 

TELEX: 2180260 

Proelectron Vertriebs GmbH 

Max Planck Strasse 1-3 


6072 Dreieich bei Frankfurt 
Tel: (6103) 33564 
TELEX: 417983 


IRELAND 

Micro Marketi 

Glenageary Office Park 
ry 


Co. i 
Tel: (1) 85 62 88 
TELEX: 31584 


ITALY 


ilano 
Tel: (2) 34 97 51 
TELEX: 332332 


(TALY (Cont'd) 
Intesi 
Milanfiori Pal. E/5 
Milano 
Tel: (02) 82470 
TELEX: 311351 
NETHERLANDS 
Koning & Hartman 
K ore 30 
zb44 ant [cee 

ot Co. 210.101 
THEN. 31528 
NORWAY 
Nordisk Elektronic (Norge) A/S 
—_ Ben. 122 
1364 Hva 
Tel: (2) 786 210 
TELEX: 77546 


PORTUGAL 

Cancoeaiien:& Waewcns LDA 
‘onica 

Av. Mi Bombarda, 133 


Tel: (19) 545 313 
TELEX: 14182 Brieks-P 


SPAIN 
interface S.A. 

Ronda San Pedro 22,3 
Barcelona 10 
Tel: 3) 301 78 51 
TWX: 51508 

taunt Angel 253 

1g io 
Madrid 10 


Tel: (1) 419 54 00 
TELEX: 27707 


Alstroemergatan 22 
$-10221 Stockholm 12 
Tel: (8) 541 080 
TELEX: 10135 


SWEDEN (Cont'd) 


Nordisk Electronik AB 
Box 27301 * 


Sandhamnsgatan 
$-10254 Stockholm 


Tel: (8) 635 040 
TELEX: 10547 


Tel: (01) 363 
TELEX: 56788 ANDEL CH 


Berkshire 
Tel: (0734) 61031 
TELEX: 848215 


Comway Microsystems Ltd. 
Market Street 


Telex Me ss 


he aan 
estry Estate 
Sevenoal 


ks, Kent 
Tel: (0732) 450144 
TELEX: 95142 


M.E.D.L. 
East tom Road 


Middlesex H 7PP 
Tel: (01) 904 93 07 
TELEX: 28817 


reid teen 
House/Denmark St 


an or -HP11 2ER 


Tel: Tel (04a 26 271 
TELEX: 837931 


cole 
- Crows ‘Nest, NSW, 2080 


Tel: 011-61-2-436-2744 
TELEX: 790-20097 
FAX “O11-61-2-923-2692 


47-8511 
03656-160 


JAPAN (Conta) 


Intel J 3 ee 
. ome 243 


Tel: 0462-23351 


Chotu, ae 
Tel: 0424 


a1: 0485-24-6871 


dug 


hy 


1-5-1 Marur es: 

ku, Tokyo 00:4: 2 
Tal. Baise 
Intel . ar. 
1-23-9 


Tel: 


Ae: "INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


oF Wwe’ SRL: e 
: ; Be ee ans Wade 


ae Buenos Aires 
35-1201/9242 
TELEX: Public 


3 3, 288-4044 
— AA" 31261 


tuba 
: 261-021 
Pf@2274/ICOTBR 


a 


CHILE 

DIN 

AV. VIC MCKENNA 204 
Casilla 6055 

Tel: 227 564 

roe 352 003 

COLUMBIA J 
International Nake orcrd Machines 
Carrera 7 No. 72-34 
Apdo. Aereo 19403 


ce 7282 


_ TELEX: 48716 1cM CO 


Schmidt & Co. Ltd. 

Wing on Centre, 28th Floor 
111 Connaught Road Central 
Tel: 5 8521 222 

TELEX: 74766 SCHMC HX 


’ . ‘\, 
Micronic 


r 


Sion (E) 

Bombe 400022 

Tel: 486-170 

TELEX: 011-71447 MDEV IN 


JAPAN 
Asahi Electronics Co. Ltd. 


Tel: 099) 511-64 
TELEX: AECKY 71 126-16 


104/109C, Nirmal Industrial ‘Estate 


i} 


x saestnemigl 
Haine 


ee ir 


rage Bae tek ie 


eee ra Sy 
Tel: coi BATTS 7311- 


3-4411 
TELEX: eases LABTEL 3 


KOREA 
Koram ‘Digital 


- 2nd Floor, Government. Pension dg. 


i ag 


4 ; oa 


el: 782-8039 or 8049 
TELEX: KODIGIT. K25 299 


lew Zealand 
S180", Per) 587-037 
Tex NZ21570 THERMAL 


ie 


ie ‘Pasir Pan 
Nea san 

an 
Ter ar 
TELEX: 


en Automation Hy te 
ing Floor #75, cote. Ae 
eres Som ast Road” 

Tel: 771-0940 | 

TELEX: ea 


ss 


AC yan patel 
ats Rh ha 


$577 2" 


2475 | 


Andel P hare 
3300 Holcombe sige Road zat 
Suite 225 ast 


Norcross 30092 
Tel: ae 441-1171 


25 ~ 


Te 9017270 
910-253-1825 


Intel Corp. “ 
8400 W. 110th Street 


Suite 170 ' 
Park 66210 


Overland Par 
Tel: (913) 642-8080 


Intel Corp. 7257 Parkway Drive 
origee 21076 ' 
796-7500 
-1944 


ene 48075 
el: ued 354-1540 
TWX: 244-4915 


intel Corp 
4203 Earth Expresswa . 
Suite 143 mm 


Tel: Tee (sid Sat? 291-2015 


_ (201 
TWX: 71 018888. 


NEW YORK 


intel 
2255 es Avenue 
gh 14606 

: (716) 254-6120 | 


22 
Tel: (216) 464-6915 . 
TWX: 810-427-9298 


Intel Corp. 

6500 Poe Avenue 
Dayton 45414 

Tel: (800) 325-4415 
TWX: 81 -2528 


Tel: (918) 744-8068 
oe 


Intel_ Corp. 
10700 S.W. Beaverton-Hillsdale — 
tarry 
S 2 
Beaverton 97005 


Tel: (503) 641-8086 
TWX: 910-467-8741 


Austin 78752_ 


Se 


" 19800 Feed Road 
Suite 380 


Tel ton bH1-8087 
Tx: 910-860-5617 
intel Corp. 
rome Sh Freeway 
Huson P70 7074 


(713) 988-8088 
TWX: 910-881-2490 


22 
Tel: (703) 734-9707 
: TWx. 716-991-0625 


WASHINGTON 
Intel Corp. 
110 neat Avenue N.E. 
Suite 510 

Tel: 1-800-538-0662 
WISCONSIN 


Intel 
150 S. 
Suite 


Brookfield 53005 _ 
Tel: (414) 784-9060 
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LABORATORIES “ELECTRONICS MARKETING GROUP 


DENVER, CO. 


Phone: (303) 457- WYLE 


IRVINE, CA 
Phone: (714) 641-1611 


_LOS ANGELES, CA 
Phone: PAK) 322-8100 


PHOENIX, AZ 
Phone: (602) 249-2232 


Phone: (206) 453-8300 


PORTLAND, OR 
Phone: (503) 640-6000 


SALT LAKE CITY, UT i. 
Phone: (801) 974-9953 Vi 


SAN DIEGO, CA 
Phone: (714) 565-9171 


ae - SANTACLARA,CA . -~ | 
Phone: (408) 727-2500 © . “\. 3 


SEATTLE, WA . 4 


( 


